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FOREWORD 


The primary responsibility of the authors was to explore 
instrumentation aspects of an advanced passive 1R atmospheric sounder 
system. This exploration started with establishment of goal instrument 
performance requirements based upon the science investigators' study results; 
it ended with identification of residual issues which could be considered 
as a basis for sounder system optimization. We were able to treat thermal 
noise limited performance aspects with considerable rigor. Beyond this, we 
concentrated upon identifying other possible sources of error which could 
affect system performance. In a number of cases we have raised issues 
which we would have liked to explore in greater depth. We have tried to 
present the material at a level of detail which would be most useful to 
system and instrument design engineers. We trust that the more general 
reader will bear with us. 

This study was performed in support of and with the support of 
the science investigators: Dr. M. T. Chahine, Dr. H. H. Aumann, Dr. J. 

Susskind and Dr. L. D. Kaplan. Support at the science interface was provided 
by Robert Haskins. Engineering support was provided by Don Langford, Frank 
Murphy, Greg Goodson, and Ron Salazar during the early years when we were 
finding our way. Additional support was provided by a number of our 
colleagues within the JPL and from industry. 


Nathan L. Evans, Jr. 
Instrument Study Manager 


ABSTRACT 


fin Advances Moisture and Temperature Sounder (AMIS) passive 
infrared atmospheric sounding system is deecrlhed^ Irn trument 
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to establish a reasonably optimal system design in terms of performan 
cost, and risk are identified. 
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cesium iodide 
clockwise 

D* (background limited performance) 

direct current 

discrete Fourier transform 

electromagnetic interference 

Earth Observation System 

feist Fourier transform 

first in first out 

F-ruxrber 

Fourier transform spectrometer 

Geophysical Fluid Dynamics laboratory 

Goddard Laboratory for Atmospheric Sciences 

generation-recombination 

ground support equipment 

Goddard Space Flight Center 

mercury cadmium telluride 

High Resolution Infrared Radiation Sounder 

instantaneous field of view 

image motion compensation 

indium antimonide . 

infrared 

junction field effect transistor 
Jet Propulsion Laboratory 
potassium bromide 
low earth ortoiter 

Lockheed Orbital Heat Rate Program 
liquid phase epitaxy 
molecular beam epitaxy 
multilayer insulation 
Multlwava Sounder Unit 

National Aercnautics and Space Administration 
National Center for Atmospheric Research 
noise equivalent delta temperature 
noise equivalent radiance 
spectral noise equivalent radiance 
Near-Infrared Mapping Spectrometer (Galileo) 

National Oceanographic and Atmospheric Administration 

operational amplifier 

outer diameter 

photoconductive 

Perkin-Elmer 

picture element 

peak to peak 

preamplifier 

photovoltaic 

a grating having a blaze angle « tan -1 2 

resistance- capacitance product 

root mean square 

rough order of magnitude 

revolutions per minute 

root sum square 

South Atlantic Anomaly 

spacecraft 

signal to noise ratio 

skin surface temperature 

to be determined 

transimpedance amplifier 

Television Infrared Observation Satellite 

Temperature of Ocean Surface for Cloudy Atmospheres sounder 

transfer ratio 

United States 

Vertical Tenperature Profile Radiometer 


EXECUTIVE SUMMARY 


INTRODUCTION 

'This report summarizes the results of a study covering the past 
eight years. It presents performance requirements and study results for an 
all-IR Advanced Moisture and Tenperature Sounder (AMTS) using a Lew Earth 
Orbiter (LEO) instrument. A number of AMTS implementation options using 
both grating spectrometers and Fourier transform spectrometers have been 
considered. Results of the design study indicate that a multichannel 
grating spectrometer is the most promising approach for the LEO instrument. 

High performance passive IR atmospheric sounder systems require 
high spectral resolution and high radiometric precision. It was necessary 
during the coarse of this study to develop a number of new concepts and 
analytic tools to deal with this level of precision. 'Ihe objective of this 
report is to document the options and constraints which govern design of a 
passive sounding system and to identify, within a relatively narrow range, 
system performance limits within the current state of the art. Specific 
report objectives are to: 

• Present a consistent set of study results for a defined 
baseline AMTS system and instrument approach (Baseline V) . 

• Identify significant residual problem areas and areas of 
uncertainty with the Baseline V configuration. Indicate 
approaches for resolving uncertainties and options for 
resolving problem areas. 

• Present a set of rules, including parametric and scaling 
equations, which allow first order performance of a wide 
range of system and instrument configurations to be quickly 
scaled from the Baseline V results. 

• Present new, or unfamiliar, technology needed for understanding 
and further development of advanced atmospheric sounders, 
particularly technology applicable to a general class of 

high precision IR instruments. 

AMTS SYSTEM DESCRIPTION AND INSTRUMENT REQUIREMENTS 

Atmospheric temperature profiles from current satellite sounders 
fall short of the requirements for numerical prediction models mainly 
because of insufficient vertical resolution and because of cloud contamina- 
tion effects. For the AMTS, a carefully chosen set of 23 narrow bandwidth 
channels from the 3.7 to 16.5 pm band will provide temperature sounding 
channels with narrow weighting functions along with complementary channels to 
account for the effects of surface eraissivity and reflectivity, clouds, and 
reflected solar flux. Narrow bandpasses are required to avoid contamination 
by ozone and water vapor lines and to achieve maximum linear independence 
of the information content of the sounding channels. Based upon suitable 
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brightness temperature measurements from above the atmosphere this 
souring system, using a physical method of profile retrieval, can provide 

global data on: 

• Temperature profiles derived in the presence of up to three 
layers of broken clouds 

• The fractional cover and height of multiple cloud layers 

• Relative humidity profiles, and total precipitable water vapor 

• Total ozone burden of the atmosphere 

• Tend surface temper atur es 


• Sea surface temperatures 

• Air-sea temperature differences 


Instrument requirements are for: 

• Relatively high spectral resolution 

• Relatively high spatial resolution 

• High radiometric precision 

• Good radiometric stability 


Systematic radiometric errors, including atmospheric 

can be reduced by in-orbit system tuning using radiosonde data as a reference 
standard. 

System performance has been verified through system simulations, 
including a set of NASA/NOAA blind tests. The physical profile retrieval 
method has also been verified using operational sounder data. 

Goal instrument requirements for a Baseline V AMTS system were 
defined based upon system simulation results. In general, a worst case 
interpretation of possible system drivers on instrument requirements was 
assumed in order tobest establish limits of instrument capabilities and 

instrument constraints . 


INSTRUMENT DESCRIPTION 

Desiqn tools necessary for defining instrument design criteria 
were developed. Single footprint detector noise lirrdt^ ^ ^r^ettic and 
scaling equations were developed in terms of instrument _ 

for generalized grating spectrometer optical configurates. ^ ic 

detector noise limited single footprint and composite footprint NEN ^^J ^ 10 

and scaling equations were developed in terms of ^^uSon^^Srs, 
(assuminq crosstrack pushbrocm spatial scan) , spatial resoiutionparameters 

and the nurrfoer of pixel elements in the crosstrack P^rccm l 
Detector performance parametric equations were developed which shew 
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dependency upon instrument optical design parameters? upon detector photon 
background, temperature, and bias voltage? upon detector material and design 
parameters? and upon preamplifier parameters. A scalar grating efficiency 
model was developed which can V>e used for high dispersion echelle gratings. 

A performance quality criterion was developed for multiblaze gratings, and 
an approach for developing a scalar efficiency model for multiblaze gratings 
was outlined. Computer models for evaluating^ figures of merit for a number 
of optical chopper/noise filter configurations were developed. These models 
include 1/f noise effects. Slit function considerations, including effects 
of spatially distributed noncoherent area sources and of foreoptics 
aberrations, were developed. Earth coverage characteristics for a number 
of sun synchronous lew earth orbits were examined. For ±45 degrees cross- 
track scan and using a single satellite, only orbits close to the 833 km 
altitude TIROS orbit provide full earth coverage once in each 24 hour 
period. Bbr this orbit, gaps left near the equator between ascending orbits 
are covered by the descending orbits about 12 hours later. The 705 km 
orbit proposed for the EOS would provide full earth coverage once in each 
36 hour period. A 1350 km orbit represents the minimum altitude for full 
earth coverage twice in each 24 hour period. For this orbit, coverage 
would be contiguous between successive orbits. Two satellites in properly 
synchronized orbits could provide full earth coverage twice in each 24 hour 
period for orbit altitudes between '■'700 and 1350 km. 

Using these design tools, optical design criteria and functional 
requirements were specified. Functional requirements for instrument 
electronics and radiative coolers were developed. A conceptual optical 
design was developed for a Baseline V instrument. This design was based 
upon a high dispersion echelle grating optimized for maximum efficiency 
rather than for minimum polarization sensitivity. This instrument uses a 
16 element linear inlet slit array scanned crosstrack in a pushbroom mode. 

The image plane assembly contains 16 detectors per spectral channel for a 
total of 448 signal channel detectors. Provisions for in-orbit radiometric 
calibration and spectral monitoring were included. Conceptual design of 
the instrument electronics was completed through the detail block diagram 
level. A conceptual design was developed for the instrument optical assembly 
package. Radiative coolers, designed for a TIROS orbit, are an integral 
part of this package design. 

BASELINE V ERROR ANALYSIS 

Baseline V instrument error sources were identified and, for 
all error sources considered significant, nontunable error values were 
estimated in terms of equivalent radiometric NEAT. Instrument systematic 
radiometric error component values were also estimated. Significant uncer- 
tainties in the data base or method of analysis were identified. System 
tuning error sources, including error sources in addition to instrument 
sources, were identified. Error component values for noninstrument sources 
were not estimated. 

SYSTEM PERFORMANCE SUMMARY 

Estimated Baseline V performance was compared with the goal 
instrument requirements and with estimated AMTS instrument performance used 
for the NASA/NOAA tests. Baseline V detector noise limited performance 
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effectively satisfies the goal instrument requirements, and betters the 
performance used for the NASA/NOAA tests. Other sources of error, specifi- 
cally spatial crosstalk effects and scene polarization effects, predominate 
when the instrument views s\inlit clouds to a degree that could make the 
uncorrected Baseline V performance unacceptable. It is shewn that spatial 
crosstalk errors could be removed through image processing of the measured 
scene radiometric values. Instrument scene polarization sensitivity could 
be effectively eliminated by using higher grating orders in conjunction 
with a multiblaze grating. Alternatively, both spatial crosstalk and scene 
polarization effects could be effectively eliminated by using only night- 
side soundings. Operationally, this would require two satellites in lew 
earth orbit or one satellite in a higher orbit to obtain full night-side 
earth coverage in each 24 hour period. 

Study results lead to high confidence that an all-IR sounder 
using a grating spectrometer instrument aproach is technically feasible. 

The only significant physical uncertainties concern slit function wing 
response crosstalk effects and, possibly, multiblaze grating efficiency and 
buildability. Relatively simple approaches are outlined for resolving 
these uncertainties. 

This study was focused upon establishing instrument feasibility 
and performance limits for a state-of-the-art instrument. Prior to building 
an instrument using the Baseline V concept another pass should be made at 
optimizing the instrument design, including instrument cost as a consideration. 


ADVANCED SYSTEM DESIGN CONSIDERATIONS 

Some system trade-off considerations associated with each 
instrument requirement specified for Baseline V are identified. Correspond- 
ing data needs in terms of unanswered system performance and instrument 
performance questions are also identified.. ' These trade-off considerations 
are targeted at advanced system designs beyond Baseline V. 

IR instrument options and constraints are reasonably well 
understood. It is now possible to seriously explore advanced sounder system 
aspects beyond hardware design. The sounder system design selected can 
have an impact on system performance, instrument complexity, the satellite 
vehicle, ground processing software, and system development costs and risks. 
Whatever the instrument approach, this study illustrates the importance of 
identifying all sources of system error and of understanding their impact 
upon overall system performance as a basis for committing to major hardware 
or software development. A high precision atmospheric sounder system design 
which considers only instrument detector/preamp noise limited performance 
to the exclusion of other sources of error will almost certainly result in 
disappointing sounder system performance. The results of this study strongly 
suggest that the overriding requirement for the next generation atmospheric 
sounder will remain high precision radiometry, and that the basic physics 
of the problem will dictate a relatively complex instrument. 


STUT' SUMMARY AND CONCLUSIONS 


The ultimate objective of this study was to develop an advanced 
infrared atmospheric sounder system which could meet the requirements of 
the numerical weather prediction models of the 1990s. In the course of 
this study, an Advanced Moisture and Temperature Sounder (AMTS) design 
approach was developed vrtiich establishes the highest level of performance 
achievable with a stand-alone infrared sounder with current state-of-the- 
art technology. 

While an AMTS is technically feasible and would achieve superior 
performance cctrpared to current operational sounders, compared to this 
current generation of sounders it is a large and complex instrument. The 
design concepts and parametric equations developed in this report oould be 
used in an effort to explore a middleg round between the higher performance 
and complexity of a state-of-the-art .AMTS and the lower performance and 
complexity of current sounders. 


SECTION I 


1.0 INTRODUCTION 


1.1 Scope 

This report presents performance requirements and study results 
for an all-TR system using a Lew Earth Orbiter (LEO) Baseline V grating 
spectrometer instrument approach for an Advanced Moisture and Temperature 
Sounder (AMTS) . (Microwave instrumentation considerations are beyond the 
scope of this report. ) 


1.2 Study Objective and Approach 

The objective of this AMTS system study was to carry a detailed 
conceptual design of an AMTS system to the point where instrument hardware 
performance, performance options, and their relationships to end user re- 
quirements and ground data processing requirements are well understood. To 
this end, goal instrument performance requirements were established based 
upon preliminary AMTS system simulation results. In general, for the purpose 
of the instrument feasibility study, a "worst case" interpretation of possible 
system drivers on instrument requirements was assumed in order to best . 
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"Baseline" instrument conceptual designs were established and tested for 
performance capability and buildability. Where a design failed a test for 
performance or feasibility, the baseline was modified and retested. 


A conceptual design for a LED operational instrument was used 
for this study. The performance of experimental instruments for use on 
the space shuttle or a space platform, for example — could be quickly scaled 
from the performance calculated for the baseline operational instrument 
using a set of parametric and scaling equations. Modification of the 
operational instrument approach for experimental purposes would not be dif- 
ficult, and would maximize hardware design inheritance from an experiment. 
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S tudy Status 


A number of AMTS implementation options using both grating 
spectrometers and FTS spectrometers have been considered. Results of the 
design study indicate that the multichannel grating spectrometer is the 
most promising approach for a LEO IR instrument. The FTS approach lias been 
studied in some depth, both in-house by JPL and by Perkin-Elmer under con- 
tract to JPL. An interferometer study report was prepared by Perkin-Elmer 
(Ref 1-1). A JPL summary analysis of this study report is presented in 
Appendix A. 


The study program is at the point where IR instrument options and 
constraints are reasonably well understood. It is new possible to seriously 
explore AMTS system aspects beyond hardware design. The AMTS system design 
selected from the possible options can have an impact on system performance, 
instrument complexity, the satellite vehicle, ground processing software, 
and system development costs and risks. 


1.4 


Report Objectives 


The AMTS study has been conducted over a period of approximately 8 
years at a relatively 1cm level of funding. This has allowed a number of 
iterations of the AMTS design approach and has resulted in development of 
some expertise. Hig>' performance passive IR atmospheric sounding systems 
require high spectral resolution and high radicnetric precision in the 
sounding instrument. It was necessary during the course of this study to 
develop a nunfoer of new concepts and analytic tools to deal with this level 
of precision. 


The objective of this report is to document the options and 
constraints which govern design of a passive infrared atmospheric sounding 
system and to identify, within a relatively narrow range, system performance 
limits within the current state-of-the-art . Specific report objectives are 


• Present a consistent set of study results for a defined 
baseline AMTS system and instrument approach (Baseline V) . 

• Identify significant residual problem areas and areas of 
uncertainty with the Baseline V configuration. Indicate 
approaches for resolvina nnpprt-ainfiag 

solving problem areas. 

• Present a set of rules, including parametric and scaling 
equations, which allow first order performance of a wide 
range of system and instrument configurations to be quickly 
scaled frcm the Baseline V results. 

• Present new, or unfamiliar, technology needed for under- 
standing and further development of the AMTS—particularly 
technology applicable to a general class of high precision 
IR instruments . 

1.5 Report Organization 

The AMTS system description and goal instrument performance re- 
quirements are presented in Section 2, Instrument optical design criteria 
and the Baseline V grating spectrometer conceptual design are presented in 
Section 3. Identification and analysis of instrument error sources which 
impact AMTS system performance are presented in Section 4. Instrument and 
system performance is summarized in Section 5. Section 5 also identifies 
risk areas and uncertainties associated with the Baseline V approach. Sane 
advanced system design considerations (beyond Baseline V) are identified in 
Section 6. Study summary and conclusions are presented in Section 7. 

In the sense that instrument performance options and constraints 
form the basis for the conclusions and recommendations presented, S_ tions 3 
and 4 document a significant part of the study, particularly since a number 
of error sources applicable to the AMTS grating spectrometer are also appli- 
cable to other passive IR sounding systems and to other instrument approaches. 
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SECTION 2 


2.0 AMTS SYSTEM DESCRIPTION AND INSTRUMENT REQUIREMENTS 

This section describes the At-fTS system and presents goal re- 
quirements for the AMTS instrument. These requirements are not necessarily 
final instrument requirements. Their purpose is to define a consistent 
set of interim baseline requirements for development and evaluation of a 
baseline instrument conceptual design. The purpose of this instrument 
design, in turn, is to provide further insight into the capabilities and 
limitations of an AMTS system, specifically in those areas where overall 
system design is affected by instrument capabilities, options, and con- 
straints . 

2.1 AMTS System Description 

2.1.1 Requirements for Improved Atmospheric Sounding 

Atmospheric temperature profiles are the most important meteoro- 
logical parameter for numerical weather prediction currently derived from 
satellites. During the past 20 years considerable progress has been made 
in passive infrared remote sensing of vertical temperature profiles and 
different techniques have been developed to recover profiles globally with 
an rms accuracy of “2.25 K (Ref 2-1, 2-2). This accuracy, however, falls 
short of the requirements for numerical prediet 'on models mainly because of 
insufficient vertical resolution and cloud contamination effects. Further- 
mere, the need for improved sounding is accentuated by the fact that, during 
the past decade, models have evolved far more rapidly than the capabilities 
of satellite-borne temperature sounders to supply accurate data (Ref 2-2). 

For example, the various numerical circulation models developed at GLAS, i ’ 

NOAA, GFDL, and NCAR have eight layers or more below 100 nfoar. The current 
generation of sounders is capable of somiding the troposphere at only 
three or four levels. 

The limitation in vertical resolution is caused mainly by the 
broadness of contribution functions of current instruments. When the 

contribution functions are broad, emitted energy reaching the satellite in " \ 

each channel will have components originating fran a thick layer of the 
atmosphere, thereby making reconstruction of fine-scale vertical details 
practically impossible. Because of this, as well as difficulties in elimi- 
nating cloud contamination effects, surface emissivity effects, and con- 
tamination by O 3 , H 2 Q and other minor constituents , the rms errors in the 
retrieved temperature profiles remain high. Progress in these areas is 
essential for improving the utilization of satellite data. 

2.1.2 Components of the Upselling Radiance 

The clear column radiance, Y(u, 0 ) , at frequency 0 and zenith 
.angle 9 can be expressed in terms of four main components : _ 

l"( v, 9) = I s (u,9) + I a (u, 9) + I d (u,9) + I h (o, 6 ) (2.1) 


fi 
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Where 


I(u,e) m clear-column radiance reconstructed from if u, 0 ) 
according to Eq 2.2 

I s ( u, 0 ) « surface emission 

I a ( u, 0 ) * atmospheric emission 

I<3< u ' 0 ) * reflected thermal downward-flux 

I h ( u, 0 ) « reflected solar flux 


. - .. ^ is very difficult to predict When an observed field of view 

r -? lou<3 f 1 ^ ee ' 110 rnatter ^ small the field of view. The clear column 
radiance, however, can be determined with an accuracy of ± 1 % from observa- 
tions in two different spectral bands obtained over adjacent fields of 
/lew according to a method used by Chahine (Ref 2-3, 2-4, 2-5 2-6 2-7) 
According to this method I(v, 8 ) is expressed as ' ' 2 ?) * 


I(o,0) = i^e) + niLli(o,0) - l 2 (u,0)] + 


n2Cii(o,0) — 13 ( 0 , 0)] +. . . (2.2) 

Where m and are parameters independent of frequency and 11 ( 0 , 8 ), 

(V ^ “ 

9) f 6 the observed fiance values in three fields of 

f ^ ? di f fe 5 ent amounts of clouds. The inethod does not require any 
field of view to be cloud free. ^ y 


The radiance due to surface emission, l s (u,0), is expressed as 
I s (o, 0) = e s (u, 0) B(u,T s ) x(u, 0,p g ) (2.3) 

SSral ( 8 em ?;® sivity ' ^ T < *»Ps> is the atmospheric 
function between the surface and the instrument. The Planck 

function, B( o,T g ) , is given by 

B(u,T) = ao3/( e bo/T _ X) (2>4) 

The radiance due to atmospheric emission, X a (u,0), is e^ressed 


as 


, ,, ,° 8t(u, 0,p) 

!a(o, 6 ) = / B[u,T(p)] d In p 

Ps 3 In p 


(2.5) 


oE^ressure ^ 3 ^ VSrtical atmos I*eric terrperature profile as a function 








For an optically thin isotropic atmosphere, radiance due to re- 
flected thermal downward flux, I^( u, 0) , is expressed as 

I d (u, 0) * p 8 (u,0) I a (u) x(u,0,p) (2.6) 

with I a (u) m 2I a (u,0). For a Lambertian surface 

p s (u, 6) « 1 - e s (u, 0) (2.7) 

The radiance due to reflection of solar flux, I h ( u, 0) , is ex- 
pressed as 

I-h( u * e ) “H^u) cos ©h Tfu^pg) ^ g (u) t(u,9,p s ) (2.8) 

Wtiere JLj(u) = 2.16 xl0“^7r B(u,T^), 9^ is the direction of the sunbeam, 

Th ** 5600 K, and is the bidirectional surface reflectance. 

In order to solve Eq 2.1 for accurate retrieval of atmospheric 
temperature profiles, T(p), a set of temperature sounding channels with 
narrow weighting functions, 9 t/( 8 In p), is needed In addition, a com- 
plementary set of rhannels is needed to account for the effects of 
surface emissivity, e s ; reflectivity, p s ; and clouds, n* and acoourit for 
the reflected solar flux during daytime observations (Ref 2-6). Sounding 
frequencies with narrow bandpasses are required in order to avoid contami- 
nation by ozone and water vapor lines and to achieve maximum linear inde- 
pendence of the information content of the sounding channels, similar 
considerations apply to the selection of a set of channels for retrieving 
water vapor profiles, 

2.1.3 Sounding Frequencies 

2 . 1 . 3 . 1 Spectral Channels 

The spectral range from 3 to 17 ym was investigated in order 
to choose an optimum set of sounding frequencies to satisfy the criteria 
discussed in Para 2.1.2. The resulting channel set, shown in Table 2-1, 
includes: 

• 4.3 ym (X >2 band channels to determine the temperature pro- 
file in the lower troposphere, and a compatible number of 
channels from the 15 ym COj band to determine the rest of 
the temperature profile (Ref 2-8) . 

• Three long-wave channels fran tine 15 ym OO 2 band to correct 
for the effects of clouds and haze (Ref 2-4) . 

• Three narrow bandpass channels frcm the 3.7 ym region to 
account for sea-surface emissivity and reflectivity and 
to retrieve sea-surface temperature (Ref 2-9, 2-10) . 

• 6.3 ym to 11 ym water vapor channels for water vapor 
profiles . 
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2. 1.3. 2 Vertical Resolution of Temperature Profiles 

Table 2-2 shows that the R-brandh of the 4.3 )im 032 band between 
2383 and 2390 cm " 1 is the best choice for selection of temperature sounding 
channels. In this branch advantage is taken of the temperature dependence 
of the high-J lines. This dependence acts to enhance the pressure effect in 
the troposphere where the temperature decreases with height, and also makes 
use of the strong dependence of the Planck function on changes in temperature. 
These two properties combine to make the contribution functions of the AMTS 

4.3 urn tropospheric channels narrower by a factor of two than those of present 
infrared or microwave sounders. For sounding the upper atmosphere a corres- 
ponding set of narrow-band channels was selected from the 15 ym (X >2 band as 
shown in Table 2-1. The contribution functions of the complete set of 
temperature sounding channels are shown in Fig 2-1. Ihe extent to which the 
set of channels is affected by H 2 O and O 3 lines is summarized in Table 2-3. 

2. 1.3. 3 Cloud Filtering Capability 

The set of channels given in Table 2-1 results in a substantial 
improvement in retrieving dear-column profiles accurately even in the 
presence of multiple cloud layers (Ref 2-1). This is achieved by an AMTS 
design which insures that all channels observe the same field of view 
(i,e. , the same clouds) at the same time, and by properly selecting three 
15 ym "cloud-filtering" channels which are optimally sensitive to low, 
middle, and high clouds respectively, further, a data analysis method is 
employed which does not require any field of view to be clcud free. This 
method has been verified with the VTPR (Ref 2-11) and HIRS data. 

2. 1.3. 4 Determination of Surface Effects 

To account for surface reflectivity and emissivity and to re- 
trieve accurate skin surface temperature of both land and oceans (Ref 2-6) 
a set of three "super window" channels was chosen from the 3.7 ym region. 

The 3.7 ym region offers two distinct advantages in terms of sensitivity 
and ability to observe the surface with minimum interference by the atmo- 
sphere (Ref 2-9, 2-10). First, because of the exponential dependence of 
B(u,T s ) on u and T s , the sensitivity of B(u,T s ) to changes in T g decreases 
with decreasing frequency until it becomes linear in the microwave region. 
Figure 2-2 shows that in order to derive T s with an accuracy of 1 K it is 
necessary to determine B(u,T s ) with an accuracy of ~4% for the 3.7 ym channels, 
anl ~1.5% for the 11 ym channels. (For micro, ^ a frequencies, B(u,T s ) would 
have to be determined with an accuracy of '0.3%.) Second, attainment of a 
4% accuracy in B(u,T s ) is possible in certain parts of the 3.7 ym region 
because in these "transparent" parts the surface emission term is nearly 
equal to the clear-oolumn radiance l( v, 9) . In fact, if nighttime observa- 
tions in a humid tropical atmosphere are simulated and all effects corres- 
ponding to e, x and I a ( u, 0 ) are neglected, brightness temperature values, 

Tb, are obtained where 

B(u,Tb) = T(o, 9) 
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Table 2-1 AMTS narrow bandpass channels (Baseline V) 
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232 

1 r 
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3 

1 17 

1 5.4031 

1850.901 

1.50 | 

233 

j 266.90! 

289 . 

H 2 0 profile 


I 18 

1 5.181! 

1930.101 

1 

1.50 j 
1 

232 

j 280.28) 
1 I 

315 



1 19 

1 4.1951 

r 

2384.00) 

V 

1 

2.00 1 

214 

1 1 
1 229.561 

274 



I 20 

1 4,191 j 

2386.10! 

2.00 j 

222 

| 240.971 

299 

Temperature 


1 21 

I 4.187! 

2388.20! 

2.00 j 

229 

! 254.691 

313 

profile 


! 22 

1 4.184! 

2390.201 

2.00 j 

231 

1 265.881 

321 

lcwer atmosphere 

4 

1 23 

j 4.180] 

2392.351 

2.00 | 

232 

! 273.30! 

325 



j 24 

! 4.176| 

2394.50) 

2.00 j 

232 

j 276.20| 
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j 25 

! 4.1251 

2424.001 
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232 

j 281.38! 
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Air-surface AT 
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j 3.992| 

2505.001 
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232 
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2616.50! 

2.50 | 

232 

j 286.57! 
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Skin surface 
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| 3.723 j 

2686.00 j 
! 
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1 

232 
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temperature (SST) 
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Table 2-2 Comparison of the half-widths of contribution functions 


Band 

Au/u 

Half-Width 
In Scale 
Heights 

Remarks 

14.5 pm 

10-2 

2.4 

vtpr/hirs 

15 pm 

10“3 

1.6 

AMTS 

15 pm 

10-4 

1.4 

Wings of lines 

60 GHz 

10-3 

1.3 

AMSU 

i 

in 

10-2 

1.6 

VTPR 

60 GHz 

10-3 

1.5 

MSU/AMSU 

4.46 pm 

<N 

1 

o 

rH 

1.3 

HIRS 

4.18 pm 

t - 1 

O 

1 

U) 

0.69 

AMTS 

4.18 pm 

10“4 

0.60 

Wrings of lines 


PRESSURE (mbar) 



l(y) din p 

Figure 2-1 Contribution function of the AMTS temperature 

sounding channels at nadir for the U.S. Standard 
Atmosphere 
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ALTITUDE (km) 



Table 2-3 Contandnation effects of O3 and H2O on, 
the observed brightness temperature 



' AMTS( Au/v 

= 0.1%) 


Channel 

u 

(an -1 ) 

AT 

°3 

(K) 

AT 1 

HoO 

(K) 

AT 1 

0 3 + H2O 
(K) 

Peak 

Sensitivity 

(mbar) 

668.15 

0.01 

0 

0.01 

3 

669.45 

0.10 

0 

0.10 

20 

666.85 

0.37 

0 

0.37 

30 

665.55 

0.19 

0 

0.19 

70 

654.35 

0.1 

0 

0.1 

90 

646.60 

0.1 

0 

0.1 

180 

634.30 

0 

-0.06 

0.06 • 

270 

2384.00 

0 

0 

0 

350 

2386.10 

0 

-0.01 

-0.01 

500 

2388.20 

0 

-0.01 

-0.01 

650 

2390.20 

0 

-0.01 

‘0.01 

850 

2392.40 

0 

-0.03 

•0.03 

Surface 

2394.50 

0 

-0.09 

-0.09 

Surface 

■'•Effects of H 2 0 continuum are not included. 


ERROR IN RETRIEVED SURFACE 
TEMPERATURE T. (K) 






ST sea-surface tender- 

between T and it i R if2^?il , example, that the resulting difference 
around 2686 cm -1 and 2616 an” 1 . ° r narra// bandpass channels located 

2. 1.3. 5 Determination of Atmospheric Humidity 

concentrat i o^f^ inf rared soundings are not sensitive to changes in the 
concentration ^ water vapor near the surface. This is due in^S S Sf 

£2 a T ng f f n the conce ntration near the surface decreaSTtS lur- 
tace term, I s , and increases the atmospheric term t o i r J le SUL 

result is a very small chana* In ? term, I a , in Eq 2.1. The net 

- 

that the narrow-band wa-*- er £anor Channel ? shown ^ 2-3 indicate 

the troposphere £££ ^ ^ ^ ° f 

2.1.4 Capabilities of the Sounding System 

and achieving the necessarv frecnwn^ other minor citmospheric constituents 
tially. thev orofid^JK^ frequency separation between channels. Essen- 

surface 

s- 

different paSs o^hf sSSrS ^tsneously in 

surface «sSvi?y, surfSf^iSiv^nJ variabilit y in 

and ccrnposition^l structSL to S ff^ S atmospheric thermal, radiative 

Tablets also^rofSfSfnSe^aw^fSIo^ 0 ?, ”*? ? et ° f channe ^ 10 

the results. necessary data for determining the quality of 


...... Wlth a field of view of 10 x 10 ki 

that this sounder can provide global data on: 


simulations have shown 


lavErs of br-Sv f f eri Y ed 10 the presence of up to three 
usTna a m ° louds Wlth 90 absolute accuracy of 1.5 K 

using 8 sounding frequencies below 100 rribar (Ref 2-1). 


• Relative humidity profiles using up to 
cies between the surface and 200 rribar, 
cipitable water vapor. 


6 sounding frequen— 
and the total pre- 
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Table 2-4 Differences between sea-surface temperature 
and brightness temperature 1 


Frequency 
u (cm -1 ) 

Dry 

Bandwidth Atmosphere^ 

Water Lines^ 

Water Lines 
and 

Continuum? 

AO \C3Tl ) r 

3 

(VV (K) 

T 

8 

<W (K > 

T s 

W 

2686.00 

2.5 0.99 

0.1 

0.93 

0.6 

0.92 

0,7 

2616.50 

2.5 0.98 

0.2 

0.97 

0.3 

0.96 

0.4 

2505.00 

2.5 0.89 

1.5 

0.88 

1.6 

0.87 

1.7 

2424.00 

2.5 0.66 

5.4 

0.65 

5.4 

0.65 

5.5 

1231.60 

1.0 0.99 

0.35 

0.84 

1.7 

0.52- 

4.6 


^Nighttime Tropical Atmosphere with 5.3 g/an 2 of f^O; T g = 300.0 K, e g = 1. 

%'s is sea-surface temperature , T^ is brightness temperature, and r ig 
atmospheric transmittance. 8 



• Sea-surface temperature with an absolute accuracy of 1 K 
and a relative accuracy of 0.5 K (Ref 2-1). 

• Air-sea temperature difference with a relative accuracy 
of ±1 K. 

• Surface temperature of land with an absolute accuracy of 

1.5 K (Ref 2-1). 

• The fractional cover and height of multiple cloud layers 
(as seen from above) with an absolute accuracy of 0.05 
and 0.25 km respectively (Ref 2-12). 

• Total ozone burden of the atmosphere. 


2.1.5 Functional Components of the AMTS System 


A functional diagram of the AMTS system is shown in Fig 2-4. 
Major system elements are the measurement subsystem and the meteorological 
subsystem, supported by satellite tracking data and meteorological surface 
truth data. Spectral channel radiances at the instrument aperture are 
detected by the instrument and, along with housekeeping data, are trans- 
mitted to the ground via the satellite data link. 'The instrument data 


in conjunction with satellite tracking data is calibrated and reduced to 
channel radiances, channel spectral characteristics, and footprint spatial 
locations and supplied to the meteorological subsystem. Profile retriev- 
als are acccmpl ished in the meteorological subsystem, and selected pro- 
file sets are compared with surface truth data. The system is "tuned" 
to remove the effects of long-term systematic errors by adjusting atmo- 
spheric transmission factors. 


2.1.6 System Tuning 

For simplicity in presenting the argument, it is assumed that 
only upwelling thermal atmospheric radiance is present. The instrument 
radiometric balance can then be described as 


u„ r 


2 “2 
/ ff(u- u 0 ) b(T bb , o) du = / 


1 L 


° 3t(u,p) 

ff(u - u Q ) / B(Tp, u) d In p 


Ps 


3 In p 


du, (2.9) 


where: 

yL and U 2 represent the lower and upper cutoff frequencies of the 
instrument filter function 

represents the instrument filter function with respect to 
a normalizing frequency, u Q 


ff(u - \J^) 




0.40 0.80 


1.20 1.60 2.00 2.40 

dr(i/ t p) 

a In p 


Figure 2-3 Weighting function for the AMTS water vapor channels 
at nadir for the U.S. Standard AtnrosjShere 
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B(T BB ,u) represents the Planck function in terms of an equivalent 
calibration blackbody temperature, T BB . (This is the in- 
strument estimate of brightness temperature. ) 

B(T p , u) represents the Planck function in terms of atmospheric 
y temperature, T p , at pressure, p 

St( u,p) represents the atmospheric weighting function in terms of 

3 In p atmospheric transmissivity, t 

Pg is pressure at the earth's surface 

If ff( u - u Q ), Teg, and 3t(u,p)/3 In p were known, then T p could 
be determined. This would be the ideal AMTS condition. 

If ff(u - Uq), T bb , and T p are known, then the weighting func- 
tion can be "fine tuned" by adjusting values of r to bring the equation 
into balance and, in effect, to calibrate the AMTS system. 

In the actual AMTS system, uncertainties will exist in 
ff(o - Uq) , T bb , and 3x(u,p)/3 In p. For a sufficiently large statistical 
set of profiles from radiosonde data, and to the extent that 3x(u,p)/3 In p 
can be defined as a function of T p , water vapor, and other atmospheric con- 
stituents, t values can be adjusted to compensate for systematic spectral 
and radiometric system uncertainties. In effect, the satellite sounding 
system is tuned using the mean radiosonde values as a standard (Ref 2-13) . 

2.1.7 Spatial Coverage Grid Considerations 

Cloud filtering requires two or more individual fields of view 
having different amounts of clouds (Eq 2.2 and Para 2. 1.3. 3). These fields 
of view can consist of individual footprints or of composite footprints. 
Individual footprints having relatively high spatial resolution are needed 
to exploit the norihomogeneous pattern of cloud fields. Composite footprints 
are forrred by grouping the individual footprints within a given grid area 
into two or more groups according to degree of cloudiness. The radiance 
for all individual footprints within a group is averaged to Obtain the 
radiance of the composite footprint. The random noise of the composite 
footprint is equal to the randan noise of the individual footprint divided 
by where N is the number of individual footprints within the canposite 
footprint (Ref 2-14) . 

An example of composite footprints used for the NASA/NOAA tests 
(Para 2.2.2) is shewn in Fig 2-5. Four composite footprints were formed 
for each 6x6 individual footprint element grid. Note that the individual 
footprint elements forming a canposite footprint are not necessarily spati- 
ally contiguous. For these tests, composite footprints 1, 2 and 4 were 
used with a three field of view algorithm for profile retrievals. Infrared 
clear column brightness temperatures were reconstructed by making the 
assumption that conditions in all three composite footprints were identical 
except for percentage cloud cover (Ref 2-13) . 


t 
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2.2 


AMTS System Analysis and Simulation 


Summary results of selected AMTS system simulation tests are 
presented. These results are used as guidelines for establishing AMTS 
Baseline V instrument goal requirements (Para 2.3). They also serve as 
guidelines for estimating Baseline V system performance based upon instru- 
ment error estimates (Section 5). 

2.2.1 Simulated AMTS System Performance 

RMS temperature error of the recovered profile as a function of 
instrument Noise Equivalent Delta Temperature (NEAT) is shewn in Pig 2-6 in 
the absence of clouds and in Pig 2-7 in the presence of clouds. NEAT 
values are for all error sources,, including residual systematic errors re- 
maining after system tuning. NEAT values used for simulation were the same 
for all channels and were assumed to have a Gaussian distribution. 


2.2.2 NASA/NOAA AMTS/HIRS Comparison Tests 

Summary AMTS system performance from the NASA/NOAA simulation 
tests (Ref 2-1) are listed in Table 2-5 for clear column profile retrievals 
and in Table 2-6 for cloudy profile retrievals. Vertical distribution of 
clear column RMS retrieval error is plotted in Pig 2—8. The AMTS channel 
set used for this test and the Noise Equivalent Radiance values (NEN) per 
10 km footprint are listed in Table 2-7. 


For the clear column tests four 10 x 10 km footprints were com- 
bined to form one 20 km footprint. NEN for the composite footprint was taken 
as 


NENxo 

nen 20 = — — 

/4 


NEN values for the clear column tests were derived from Table 2-7 . For 
selected altitudes and seasons, NEN values fran Table 2-7 were doubled to 
test the system sensitivity to noise. 

For the cloudy tests, a three footprint algorithm was used. 
Four composite footprints, each consisting of nine individual 10 km foot- 
prints, were obtained from a 6 x 6 element grid (Para 2.1.7). The least 
cloudy, next least cloudy, and most cloudy composite footprints were used 
for profile retrievals. Cloudy tests used NEN values from Table 2-7. 
Noise levels per composite footprint were taken as 


NENqomp = 


nenxo 

/i 


The clear column tests used only XR channel data. Microwave 
data was used for the cloudy tests to aid determination of cloud coeffi- 
cients . 
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LEAST CLOUDY COMPOSITE FOOTPRINT ELEMENTS 

MORE CLOUDY THAN COMPOSITE FOOTPRINT ELEMENTS No. ? 

MORE CLOUDY THAN COMPOSITE FOOTPRINT ELEMENTS No. 2 



RMS TEMPERATURE ERROR (K) 


NO CLOUDS 



0 0.1 G.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

NOISE EQUIVALENT AT (K) 


Figure 2-6 AMTS clear colurm performance as a function of 
' system noise 




Table 2-5 Sunroary FMS temperature errors for clear column profiles 
(from NASA/NOAA tests — AMTS/physical) 


Pressure 
Height (itibar) 

No. 

Layers 

No. 

Profiles 

Data Set 
Month Latitude 

Temperature Error (K) 

Normal "Doubled" 

Noise Noise 

1000-100 

18 

192 

Jan 

30S-30N 

1.18 





Jan 

30N-60N 

1.72 

1.96 

100-16 

4 

192 

Jan 

30S-30N 

1.85 





Jan 

30N-60N 

1.94 

2.14 




Jan 

(mean) 

1.70 

2.05 

1000-100 

18 

192 

Jun 

30S-30N 

1.16 





Jun 

30N-60N 

1.43 


100-16 

4 

192 

Jun 

30S-30N 

1.36 





Jun 

30N-60N 

0.98 





Jun 

(mean) 

1.25 





Jan/ Jun (mean) 

1.49 



Table 2-6 Sunroary RMS temperature errors for cloudy profiles 
(from NASA/NOAA tests — AMTS/physical) 


Temperature Error (K) 


Pressure 
Height (rribar) 

No. 

Layers 

Clear 

Column 

61-74 

Percent Clouds 
75-84 85-91 

61-91 

No. Profiles — -» 

96 

13 

14 

13 

40 

1000-464 

7 

1.21 

0.92 

1.01 

1.19 

1.04 

464-190 

6 

2.07 

2.40 

1.94 

1.79 

2.05 

190-16 

9 

1.82 

1.84 

* 

1.94 

1.70 

1.83 

(1000-16 mean) 


1.74 

1.83 

1.69 

1.58 

1.70 







AMTS NEK values used for NASA/NOAA tests 
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Atmospheric transmissivity coefficients were based upon GLAS 
codes. These coefficients were blind modified to derive test radiances, 
resulting in systematic errors of about 1 to 2 percent in test radiance 
values. Using the resulting test radiances GLAS "tuned" the system using 
given clear column reference profiles. This correction was of the forms 

Tq * T 0 + (A T 0 + B) (2.10) 

where 

To is the corrected brightness temperature 

T 0 is the measured brightness tenperature 

A and B are channel dependent matrices 
2.3 AMTS Instrument Requirements (Baseline V) 

Baseline goal performance requirements for an AMTS instrument 
are sumnarized in Table 2-8. Items 1 through 3 are assumed Baseline V 
system requirements. Items 4 through 12 are essential for the AMTS method 
of atmospheric profile retrieval. Channel frequencies, channel bandwidths, 
and equivalent scene temperatures are listed in Table 2-9. Spectral ra- 
diance values corresponding to equivalent scene temperature are also listed 
in Table 2-9, along with NEN y and SNR corresponding to NEAT values of 0.1 K 
and 0.5 K. In general, a "worst case" interpretation of possible system 
drivers chi instrument requirements has been assumed in order to best 
establish limits of instrument capabilities and instrument constraints. 

2.3.1 In-Orbit Lifetime 

The instrument should be capable of operating for five years 
without servicing. 

2.3.2 Orbit 

A sun synchronous orbit no later than 8s 30 a.m. or no earlier 
than 3:30 p.m. is needed to allcw use of radiative coolers. The TIROS 
altitude of 833 km is assumed for the baseline study. 

2.3.3 Spatial Coverage 

One hundred percent earth coverage is required each 24 hours. 
Practically, this means that the instrument must scan across track ±45 de- 
grees with respect to nadir. Nominal size of the individual nadir foot- 
print is 10 x 10 km. Footprints shall be essentially contiguous at nadir 
along the subsatellite point ground track. They shall also be contiguous 
along the scan vector across the subsatellite point ground track. One pro- 
file retrieval is required for each 100 x 100 km grid element over the 
surface of the earth. Each grid element will include about 100 individual 
footprints near nadir and 27 near the end of scan. For a three footprint 
profile retrieval algorithm each composite footprint could contain about 
33 individual footprints near nadir and 9 near the end of scan. 


Table 2-8 AMTS instrument goal requirements (Baseline V) 


Parameter 

Value 

1) In orbit lifetime 

5 years 

2) Orbit 


Type 

Sun synchronous 

Time 

8:30 a.m. or 3:30 p.m. 

Altitude 

833 km 

3) Spatial coverage 


Scan coverage 

100% Earth coverage 


each 24 hours 

Individual nadir footprint size 

10 x 10 km (nominal) 

Earth coverage grid size 

100 x 100 km (nominal) 

Minimum number composite footprints 

3 

per grid element 


Minimum number individual footprints 

9 

per composite 


4) Spectral IR channels 

28 (Table 2-9) 

5) Equivalent scene temperature 

(Table 2-9) 

6) Spectral resolution - u/Au 

-1200 (Table 2-9) 

7) Absolute channel frequency tolerance (ler) 

7.5 x 10”5 of ch. freq. 

8) Knowledge of channel frequency (la) 

1.5 x 10”5 of ch. freq. 

9) Knowledge of channel intensity ,vs 

0.15% of area 

frequency response (la) 


10) "Nontunable" radiometric error (la) 

0.1 NEAT 

(per composite footprint) 


11) "Tunable" radiometric error (la) 

1.0 K AT 

12) Correlated relative radiometric error 

(subset of 10 above) 
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2.3.4 Spectral IR Channels 

The AMTS channel frequency set is listed in Table 2-9 (as well 
as in Table 2-1). Nominal channel wavelengths are listed for information. 

2.3.5 Equivalent Scene Temperature 

Minimum, maximum and U.S. Standard Atmosphere equivalent tem- 
peratures listed in Table 2-9 represent the temperatures of a blackbody 
source, located above the atmosphere, which would result in the same spec- 
tral irradiance at the input to the instrument as that received from the 
actual meteorological target. The maximum equivalent temperatures include 
solar reflection from clouds and the earth's surface. 

2.3.6 Channel Bandwidth 


Nominal half-power bandwidths are listed in Table 2-9. The 
(3 c/) half-power bandwidth limits shall be within ±10% of these nominal 
values. The rolloff characteristics of the instrument line function, in- 
cluding response in the wings of the line function, shall be compatible 
with satisfying the radiometric requirements of Para 2.3.10 and 2.3.12. If 

a enaf la] i e nc<vl A yto-f* v-i iwamJ- 1 A *-*/-» 4 ******* *11 „j_ 

'***•*• Uwvs At jaioui,unieuu Xj UkKS 1U1 CLJLJL JLVA-»upi. XilU 

elements within the spatial array for any spectral channel must have the 
same relative amplitude vs frequency response to the extent that the system 
can be tuned in orbit for each channel (rather than for each footprint 
array element for each channel) . 


2.3.7 Absolute Channel Frequency Tolerance 

The (la) absolute accuracy within which each channel center 
frequency shall be set to the channel wavenumber specified in Table 2-9 
is 7.5 x 10“ 5 parts of the channel wavenuntoer. Channel center frequency 
is defined as the wavenumber centered between the half-power wavenumbers. 

2.3.8 Knowledge of Channel Frequency 

The (la) absolute accuracy within which each channel center 
wavenumber shall be known in orbit shall be 1.5 x 10~ 5 parts of the chan- 
nel wavenumber specified in Table 2-9. 


2.3.9 Knowledge of Channel Intensity vs Frequency Response 

The (la) relative channel intensity vs frequency response shall 
be known in orbit to within 0.15% of the area under the curve. 


2.3.10 "Nontunable" Radiometric Error 


The RMS (Io) value of the radiometric error from all sources 
which is not subject to reduction through in-orbit system tuning shall not 
exceed 0.1 K NEAT for the composite footprint. Any variation in systematic 
radiometric error within any 30 day interval shall be considered to be a 
nontunable error. (Note that not all nontunable errors are random on a 
footprint-to-footprint basis? consequently, not all individual footprint 
radiometric errors are reduced in the carroosite footprint.) 
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2.3.11 


"Tunable" Radiometric Error 


_ Tunable (la) radiometric errors shall not exceed 1 K AT. Ten- 

able radiometric errors are systematic errors which are linear as a function 
of input signal level and which are subject to reduction through in-orbit 
system tuning. (Note that tunable errors include systematic spectral rad- 
iometric error due to incomplete Knowledge of channel frequency and of chan- 
nel intensity vs frequency response.) 

2.3.12 Correlated Relative Radiometric Errors 

ihe nontunable, correlated, relative radiometric error component 
between spectral channels for the composite footprint is a subset of the 
nontunable radiometric error of Para 2.3.10. Bor cloud filtering purposes, 
the differential error between composite footprints is a function of this 
correlated relative radiometric error (Para 2.1.7). This error includes 
the effects of lack of footprint spatial registration for all channels. It 
also includes the effects of differential footprint radiometric weighting 
between channels, such as could be caused by scene dependent spatial cross- 
talk and scene dependent polarization error, for exanple. 
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SECTION 3 


3.0 INSTRUMENT DESCRIPTION (BASELINE V) 

This section describes the conceptual design of a "Baseline V" 
multichannel grating spectrometer in accordance with goal AMTS baseline 
instrument requirements as specified in Para 2.3. A numerical evalua- 
tion of this baseline instrument performance is presented in Section 4. 

3.1 Optical Design 

In this major paragraph, optical design criteria are developed. 

A baseline optical design is presented in accordance with these optical 
design criteria. It is shown that the performance capability of this 
baseline in conjunction with a set of parametric and scaling equations 
consitut.es a general first order solution for the limits of AMTS detector 
noise limited performance obtainable using a grating spectraneter instrument 
approach. 


3.1.1 Optical Design Criteria and Scaling Factors 

Detector noise limited NEN parametric and scaling equations cure 
developed for a generalized grating spectrometer optical configuration, (in 
Para 3,1.3 it is shown that this general configuration is optimum in terms 
of minimum NEN. ) Overall system design parametric and scaling equations 
are developed which specify overall system NEN performance in terms of the 
degrees of freedom in: 

• Earth Coverage 

• Altitude 

• Crosstrack scan width 

• Spatial Resolution 

• Pixel size 

• Composite footprint size and earth coverage grid size 

• Instrument Parameters 

• Instrument scale 

• Number of elements in the crosstrack pushbrocm array 

• Grating optimization criteria 

Additional optical design criteria affecting other than detector limited 
aspects of radicmetric performance and affecting spectral performance are 
developed. AMTS optical design criteria are summarized. 

3. 1.1.1 NEN Parametric and Scaling Equations 

The general equation for detector limited Noise Equivalent Rad- 
iance (NEN) per individual footprint (pixel element) of an infrared grating 
spectraneter using a chopper and viewing an expended source is 
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Noise, equivalent spectral radiance is 

NEN 


NEN* 


Au 


(3.2) 


where 


Aa =* detector area 

Afl = area/solid angle product of the instrument 


n * “ a ^° r (? ea ^ , , deteCtlVlty Within 016 E***®" background 
and thermal environment of the instrument y 


% “ relative grating efficiency 

F c “ chopper factor < 1 {if the beam is not chopped, F c = 1) 
AF - electrical noise bandwidth of the signal channel 


t = optical transmissivity of the instrument 


A generalized grating spectrometer configuration is shown in Fia 3-0 

V rectangular inlet slit, a Scta^ular deSto? foll^L f 
principle plane is coincident with the taage pW of the 

written in terms of parameters to the right of the inlet slit (Appendix B) : 
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Figure 3-1 Generalized grating spectrometer configuration 
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is the grating spectral dispersion with respect to the incident angle? 

I da | 

®wa ~ ^ca AMo I— — I (3.5) 

I do | 


is the inlet slit width? 
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is a slit factor (and excess bandwidth ratio)? 

1 

Fd *a 1 

Y (spo - f c g) + 1 

■^c3 

\ 

is a detector size factor, and 

a = grating incident angle 
3 = grating diffraction angle 

o = channel frequency (expressed as a wavenumber) 
Ao = channel half-power bandwidth 
A ^3 = channel bandwidth for which F g would be unity 
Agcx = projected area of grating with respect to a 
f ca = inlet collimator focal length 
f c p = exit collimator focal length 
fa = field lens focal length 
F/no = F/no of the field lens 


(3.6) 


(3.7) 
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Ghc = maximum projected grating height with respect to a 

Gwot ~ maximum projected grating width with respect to a 

Sha “ inlet slit height 

= width of exit slit image at inlet slit plane 

330 = distance from grating to exit collimator 

n = refractive index of hemispheric detector inmersion lens 

In Pig 3-1, sgo would practically lie between the limits of s « 0 = 0 and 
s @o = 2f o0 . Assuming that f cp > 100%, Eq 3.7 shows that F d would lie 
between the limits of 1 ± 0.01. Setting F d = 1, and expressing the 
grating dispersion (Eq 3.4) in terms of wavenurriber and grating angles, 

Eq 3.3 can be written in terms of the projected grating aperture: 

»^d _ cos a fc oS“| cos a / 3, va \.2 

Ag a sin a + sin 0 V cos a cos 3 \ 8 Sj ia / 


F/EQ u 
n Au 0 


(3.8) 


In terms of grating size measured on the surface of the grating, Eq 3.3 can 
be written: 



where 


Hg = maximum grating height (parallel to grating grooves) 

Lg = maximum grating length (perpendicular to grating grooves) 
Ag = effective area of the grating 
0 = grating out-of-plane angle 

Equation 3 . 8 is convenient for comparing configurations having the same or 
similar instrument apertures, while Eq 3.9 is convenient for configurations 
having the same or similar grating sizes. From Eq 3.1 and 3.8, NEN per 
pixel can be written: 
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Relative grating efficiency in a well made grating is a function of grating 
orders and angles? i.e., 


Eg » f(m,a, g,G, 0JT) (3.11) 

where 

m = grating order 
0 = blaze angle 
^ = antiblaze angle 


Electrical noise bandwidth 


AF 


GC 


1 

= f(%M)IR, ® ANGLE, A p( NADIR) , N ARRAY, N CAL, T SLEW) 

Td 

(3.12) 


where 


%ADIR = altitude 

S ANGLE = maximum crosstrack half scan angle with respect to nadir 

Ap( NADIR) = the contiguous rectangular nadir area (pixel) sampled by 
an individual footprint 

N ARRAY ~ number of elements in the crosstrack pushbroan array 

n CAL = number of calibration target dwells per crosstrack line 
scan 
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Tslew ~ spatial scan total slew time per crosstrack line scan 
interval 

T<a » dwell time per pixel per spatial channel (shutter open 
plus shutter closed time) 


Equation 3.10 is a primary parametric and scaling equation useful for opti- 
mizing instrument design to minimize NEN. 

The first term of Eq 3.10 represents an instrument aperture 
factor. The optimum aperture configuration is a rectangular grating without 
obscurations. For a given grating configuration, NEN is inversely propor- 
tional to the linear scale of the instrument. 

The second term represents a grating angle factor. It is a 
function of grating angles, somewhat modified by the slit factor and inlet 
slit aspect ratio. For at least one channel, normally F g = 1. The inlet 
slit aspect ratio, S wa /Sh a , may approach 1. In general, the grating angle 
factor decreases as grating spectral dispersion increases. The third term 
represents a grating efficiency factor. Equation 3.11 indicates that re- 
lative grating efficiency is a function of grating orders and grating angles. 
In a very general way, grating efficiency can be considered to decrease as 
grating orders and spectral dispersion increase. Consequently, both the 
grating angle factor and the grating efficiency factor are primary drivers 
on the optimum grating configuration. Selection of the grating configura- 
tion — orders and angles — for a given channel set is a logical and necessary 
starting point for AMTS instrutnent design. Grating specification consi- 
derations are treated in greater detail in Para 3. 1.1. 2. 

The fourth term is the optical convergence factor. It shows 
that in terms of optical convergence NEN is only a function of the F/NO 
of the field lens and of the index of refraction of the hemispheric immer- 
sion lens. NEN is independent of the F/NO of the grating collimators and 
foreoptics. 


The fifth term is the optical transmissivity factor, not in- 
cluding the relative efficiency of the grating. 

The sixth term, /AF/F C , represents a figure of merit for 
an optical chopper/ signal processor system. It involves the electrical 
noise bandwidth of tine system. Equation 3.12 shows that noise bandwidth is 
inversely proportional to pixel dwell time in the instrument. Noise band- 
width and optical chopping considerations are treated in greater detail 
in Para 3. 1.1. 3.1. 

The seventh term represents the detectivity factor. An ideal 
detector would operate background noise limited (D*gLjp) and would have in- 
significant l/f noise. The degree to which a detector is background noise 
limited is a function of the type and material used for the detector and of 
the degree to which temperature, instrument background, and optical con- 
vergence have been controlled within the instrument to achieve this result. 
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The l/f noise is a function of detector type and material, and of the 
processing used in detector manufacture. Detector D* considerations are 
treated in greater detail in Para 3. 1.1. 3.1 and 3. 1.1. 4. 

The eighth term represents the spectral resolution for which 
F s would be unity. Normally, this would be the spectral resolution of 
the highest resolution channel in the instrument. For channels having 
lower spectral resolution, the excess bandwidth ratio F s = Ao/Au 0 >1. 

Thus, decreasing the maximum spectral resolution will decrease NEW, but de- 
creasing the spectral resolution for any channel below this maximum estab- 
lished by the limit channel will degrade NEN performance of the lower res- 
olution channel (Para 3. 1.1. 2 ; Fig 3-9). 

There are ocrnpelling reasons for including the field lens 
and the immersion lens in the generalized spectrometer configuration of 
Fig 3-1: 


• The field lens: 

• Places the detector in a pupil plane, minimizing radio- 
metric errors due to varying responsivity over the area 
of the detector. 

• Gontrols wide angle background flux on cooled detectors. 
Only flux within the focused ray bundle falls upon the 
detector fran ahead of the exit slit. 

• Makes NEN independent of the F/NO of the optical system 
ahead of the exit slit. 

• Has an inherent NEN advantage over a configuration with 
detectors on the image plane (Para 3.1.3). 

• The hemispheric immersion lens reduces the linear size of 

the detector by a factor of l/n, resulting in: 

• A reduction in NEN by a factor of «l/n for temperature 
noise limited detectors. 

» A reduction in bias power dissipated in PC detectors and 
their bias resistors by a factor of l/n^ (for a given bias 
potential) . 

• A reduction in susceptibility to nuclear radiation effects 
by a factor of l/n^. 

Parametric Eq 3.1 and 3.10 are useful for defining optical 
design criteria and for scaling instrument performance. In using these 
equations, however, the following limitations and conditions should be con- 
sidered: 


• Swa/Sha is the inlet slit (and IFCV) aspect ratio. Equation 
3.5 shews that in Eq 3.3, 3.8, 3.9, and 3,10 is not an 
independent parameter, 

• Equations 3.3, 3.8, 3.9, and 3.10 are valid only for values 
of P B >1. For values of F g <l channel bandwidth, Au, would 
be controlled by the inlet sl.it width rather than by the 
exit slit width, and the effective Aft for the instrument 
would be controlled by the exit slit width rather than by the 
inlet slit width. 

• In a realizable configuration, the field lens shown in Fig 
3.1 would probably be located behind the exit slit. This 
means the field lens diameter would be slightly larger than 
the diagonal of the exit slit and the value of /A^/Aft would 
be larger than the value calculated by Eq 3.8 and 3.9. 
Consequently, final values of NEN calculated using Eq 3.1 
should use actual instrument design values for determination 
of /A^/Aft. 

• In Eq 3.10 the diameter of the field lens is taken equal to 
the diagonal of the exit slit. Fran Eq 3.10 the ratio of 
NEN (where F g > 1) to NFN 0 (where F s = 1), where D is the 
diagonal of the exit slit, is 


F/NO D 

(3.3.3) 

(F/N0) o D 


If the F/NO is held constant as a function of channel 
bandwidth, NEN/NEN 0 = D/D 0 . If the field lens focal length 
xs held constant, however, F/no/(f/no) q = d q /d, and for a 
given focal length excess channel bandwidth has no effect ant 
NEN. This point is significant where it is advantageous to 
use the same focal length lenses for a number of channels. 

It does not change the fact that increasing the focal length 
of the lens for any channel above the minimum practical 
value will result in degradation of channel NEN performance. 

• D* is not always independent of detector area. In the limit, 
the following apply: 

• To the extent that the detector is Johnson and/or GR 
nois® limited, D* and A<j are essentially independent 
parameters. For this condition, minimum NEN corresponds 
to maximum optical convergence; i.e., the optical conver- 
gence factor, (F/N0)/n, should be minimized. (PC HgCdTe 
detectors tend to fall into this category.) 


NEN 


NEN, 
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• To the extent that the detector is background noise limit- 
ed by background flux which is contained within the focus- 
ed optical ray bundle, /aJj/d* is a constant, since D* is 
inversely proportional to the square root of background 
flux density. For this condition, minimizing the optical 
convergence factor, (F/NO)/n, has no effect upon NEN. 

(PV detectors tend to fall into this category; HgCdTe 
detectors more so than InSb detectors. ) 

• To the extent that th< > detector is background noise limit- 
ed by unfocused flux ^iich originates within the detec- 
tor dewar, minimum NEW corresponds to minimum field lens 
F/no. Detector inmersion has no effect upon NEN. (For a 
dewar temperature near that of liquid nitrogen, none of 
the detectors under consideration for baseline V tend to 
fall into this category.) 

These effects do not affect the validity of the NEN parametric and scaling 
equations. Final values for instrument NEN, however, must be calculated 
using D* values corresponding to detector temperature and background flux 
density values to be encountered within the instrument environment. In 
addition, overall instrument D* values can be significantly affected by 
detector/preamplifier circuit design. These D* considerations are treated 
in greater detail in Para 3. 1.1. 4. 

Equation 3.12 states that electrical noise bandwidth is in- 
versely proportional to pixel (individual footprint) dwell time, and that 
dwell time can be defined in terms of spatial coverage and instrument 
parameters. Examples of spatial sampling configurations near nadir are 
illustrated in Fig 3-2. Pixels are defined as contiguous areas sampled by 
the individual footprints, and are represented by the solid grid lines in 
Fig 3-2. Individual footprints are represented by the individual shaded 
area. Figure 3-2a pictures two crosstrack footprint dwell intervals for an 
instrument using a four-element linear array in a step-and-stare crosstrack 
scan mode. Pixel elements in this example are square. The along track 
gaps between the individual footprint IFC*7 used to sample each pixel repre- 
sent an inability to achieve a 100 percent area fill, factor within the array. 
Figure 3-2b represents a two-element array used in a step-and-stare mode. 
Square IPdV are used to sample pixel elements which are twice as high (along 
track) as they are wide (across track). This represents a very poor fill 
factor between elements within the array. Figure 3-2c represents a two- 
element array used in a step-and-stare mode. 3F0V elements, almost twice as 
high as they are wide, are used to sample square pixels. This represents a 
good fill factor between elements within the array, but the area fill 
factor for the total area scanned is less than that of (b). Figure 3-2d 
represents the basic configuration of (c) used in a constant angular veloc- 
ity crosstrack scan mode. There is seme spatial weighting and spatial over- 
lap of the pixel areas. Total area fill factor is good, and crosstrack 
slew time within the line scan is effectively eliminated. 
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and actual dwell time 
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where 


?h * length of nadir pixel element along the subsatellite point 
ground track 

P w = length of nadir pixel element along the crosstrack scan 
direction 


Vg = subsatellite point ground velocity [V g = f(R NAD iR)] 


actual dwell time 


i Zl t ^ ew 
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ant ! >, from Eq 3.10 and 3.12, 
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NEN for the ccnposite footprints used for atmospheric profile retrievals 
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amortization factor is smaller for a larger nadir pixel area. 

, 1 , Equation 3.19 is the design and scaling equation for fnofr»y-tn*- 

ton tine. Equations 3.20 aM 3.22 ire mu acali^gXSSna for^te 
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rime amortization, are summarized in Table 3-1, At t 3*«» detail 
level, however, calibration and slew time effects must 'be mider^ 
Examples of representative calibration and slew time effectTLre shoin in: 

• Fig 3-3 vs (square) pixel size and number of array elements 

• Fig 3-4 vs (square) pixel size and altitude 

• angle" 5 VS (sqUare) pixel slze naxinum crosstrack scan 

The following data is plotted in each figure: 

• Dwell time (a) 

• Calibration and slew time factor (b) 

• Relative NEN per pixel (c) 

• Relative NEN per composite footprint (d) 

The^follcwing constants and reference parameter values are used for these 


• Vg = f( altitude) 

• ^p/ r p( NADIR) 

• Ncal 

• Number of Array Elements (Ref) 

• t SLEW (Ref) 


(see Fig 3-6) 
(see Fig 3-7) 
2 

16 

7.179 sec 
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Table 3-1 First order system NEN scaling factors 1 



NEN/NENj REF) DWELL TIME <«#c) 




AMORTIZATION FACTOR 



NADIR PIXEL SIZE (km) 

c) RELATIVE NEN PER PIXEL 



d) RELATIVE NEN PER 
COMPOSITE FOOTPRINT 


Figure 3-3 Calibration and slew time effects vs (square) pixel size and 
number of array elements 
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Figure 3-4 Calibration a'nd slew time effects vs (square) pixel size 
and altitude 
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Figure 3-5 Calibration and slew time effects vs (square) pixel size and 
maximum cross track scan angle 
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• Altitude (Ref) 

• NADIR pixel size (Ref) 

• Maximum crosstrack scan angle (Ref) 


833 tan 


10 x 10 tan 
± 44.71° 

Except Where otherwise stated in the figures, reference values apply. 

Each curve in Fig 3-3, 3-4, and 3-5 is marked correspond- 
ingly to minimum and maximum dwell time limits. T<j minimum was set equal 
to approximately 15 msec an! maximum was selected to limit pixel area 
smear due to subsatellite point velocity to 30 percent. In general, the 
amortization factor rather than minium dwell time tends to place a limit on 
the minimum pixel size. In each figure the relative NEN per corposite 
footprint (d) is of prime importance to the AMTS. The goal is to select 
as small a pixel size as possible without encountering an excessive amor- 
tization factor penalty in order to enhance cloud filtering capability of 
the system. Figure 3-3b shews the effect upon the amortization factor 
of reducing the reference slew time by a factor of 2. (To achieve this 
degree of slew time reduction would require heroic measures if, indeed, it 
were possible.) The relative change in composite footprint performance as 
a function of altitude or as a function of maximum crosstrack scan coverage 
is primarily the result of covering more or less of the earth ‘‘s surface per 
unit time. From the system design point of view, earth coverage per unit 
time is the important parameter here. Earth coverage considerations are 
treated in more detail in_Para 3.1.1,45. It is important to realize that 
for a given instrument /A^/An, altitude, maximum crosstrack scan angle, 
and number of elements in the linear footprint array, NEN per rectangular 
pixel area is a function of the contiguous pixel dimensions; it is independent 
of the dimensions of the rectangular IPCW with which the pixel is sampled. 

For the composite footprint, NEN is a function of the composite pixel 
area and of the crosstrack scan angle. Above a minimum individual pixel 
size — which is a function of the number of elements in the footprint 
array — NEN per composite pixel is practically independent of individual 
pixel size. There is no way to escape these parametric relationships through 
creative sampling. 

In sumnary, the parametric and scaling equations developed 
this paragraph show that the only significant degrees of freedom in optical 
design and earth coverage parameters affecting the achievable limit in 
detector noise limited radiometric NEN performance are: 

• In system design 

• Channel spectral resolution 

• Nadir pixel size and aspect ratio 

• Cbnposite footprint size 

• Altitude 
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• crosstalk scan width 


• In instrument design 

• Use of a multichannel grating spectrometer vs a scanning 
monochromator 


• Number of footprint elements within a linear array 

• Along track fill factor within a linear array 


• Grating size and form factor (instrument scale) 

• Grating angles 

• Detector field lens F/NO 

• Detector immersion lens index of refraction 

• Detector quality (D* and l/f noise knee) 


A baseline instrument designed to satisfy a partiwlar set of system design 
parameters and optimized for minimum NEN in accordance with the instrument 

!!!!i^^ ati0n . 3,10 ' with the scaling equations, 3.10, 3.20, 

and 3.22, constitutes a general first order solution for detector noise limited 
NEN performance achievable with any set of earth coverage and spatial 
resolution requirements as a function of instrument scale and the number of 
elements in the footprint array. 

3. 1.1. 2 Grating Cons iderat ions 

„ „ _ . The gating angle factor, represented by the second term in 

Eq 3.10, is defined as 


cos at 


Pg - 


cos 3 


sin at + sin 3 


— + 


cos a 


cos a 


cos 3 


F<= 


Swot 

Shat 


(3.23) 


The grating angle factor is plotted in Fig 3-8 for the special case Where 
the slit factor, F s , and the slit aspect ratio, S WCT /S hot , are both unity. 
The angle factor is shown for an Rl, an R2, and an R3 grating, for both a 
nearHDittrow and an off-Littrow configuration. The range of interest for 
the AMTS corresponds to u/u Q values of approximately 0.96 to 1.08. The 
relative grating angle factor is plotted in Fig 3-9 as a function of the 
product of the slit factor and inlet slit aspect ratio for the R2 grating 
used off-Littrow. 


Figure 3-8 shows that th® grating angle factor improves (de- 
creases) as grating angles are increased. For a given grating R-value the 
0 ^”kittrcw performance is superior to near-Littrow performance. The near- 









Littrow performance of the R2 grating degrades for o/u 0 values of less than 
unity Where the diffraction angle, 0, approaches 90 degrees. The R3 gating 
is not useable for the AMTS in the near-Littrow configuration, since the dif- 
fraction angle reaches 90 degrees within the range of o/u 0 values of in- 
terest. Figure 3-9 shows that the effects of excess channel bandwidth, F s , 
and of inlet slit aspect ratio can be significant. The worst case value 
of Fa for the Baseline V channel set (F s =1.53 for Channel 25), for ex- 
ample, would result in an NEN degradation of 17 percent. An along track 
spatial fill factor of 70 percent in a square nadir pixel (S^/S^a = 1.43), 
would result in an NEN degradation of 13 percent. Both parameters together 
(p g . = 2.19) would result in an NEN degradation of 42 percent. 

Equation 3.11 states that relative grating efficiency — in the 
scalar domain — can be expressed in terms of grating orders and angles; i.e.: 


Eg = f(m, a, 0, 0,0,$£) 

A dual-vector scalar efficiency model (Ref 3-1) developed as a part of this 
study effort is presented in Appendix C. Grating angles are defined in lg 
3-10. The out-of -plane angle, 0, is not shown in this figure. The effective 
illuminated facet width, b a , is defined in Fig 3-10. Calculated relative 
oratina efficiency as a function of relative frequency for the 3rd through 
the 48th orders is plotted in Fig 3-11 for an Rl and an R2 grating in both 
near-Littrow and off-Littrow configurations, and for an R3 grating in the 
off-Littrow configuration. Blaze and antiblaze angles were adjusted to 
give approximately equal efficiencies at the ends of the frequency range of 
interest for the 3rd and 12th orders. The frequency bandwidth of the 
qrating efficiency decreases as the grating order increases. The bandwidth 
is wider for the larger R-number gratings, and for the off-Littrow configura- 
tions. The characteristics of the R3 grating, however, are so erratic that 
it is of no practical use for the AMTS. 

Equation 3.10 shows that NEN U proportional to the ratio of 
the grating angle factor to relative grating efficiency. The pr^lanin 
instrument design is to choose grating angles and orders which will opti- 
mize overall system performance for a given channel set. F g /Eg _ ratios 
averaged over the frequency range of interest to the AMTS are listed vs 
grating configurations and grating orders in Table 3-2. This table, in 
conjunction with the efficiency bandwidth characteristic details of Fig 
3-11, indicate that the R2 grating used off-Littrow in the 3rd through the 
12th — or possibly 15th— orders is near the preferred configuration for the 
AMTS in terms of minimizing NEN. 

Calculated values for the grating angle factor are accurate and 
precise. As shown in Appendix C, however, the dual vector grating model 
predicts correct numerical values for relative grating efficiency only 
within the scalar domain; i.e., within the region where the grating exhibits 
no significant polarization sensitivity. The model does provide an in- 
sight into the physics of grating performance, even for orders belcw the 
scalar region. A general rule of thumb is that scalar performance occurs 
for orders for which the relative illuminated facet width with respect 
to wavelength (bg/X) is equal to or greater than 6:1. Measured relative 
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0 * 180 ° - 20-0 
i - 180 ° -0-0 
\p * 180 ° - 0 "- 0 


Figure 3-10 Grating angles 
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Table 3-2 Ratio of average grating angle factor to average grating 
efficiency*- vs grating order for near-Littrcw and 
off-Littrcw configurations 









R1 

R2 


R3 

Grating 

ou 

45 

50.13 

63.4 

70.54 

80.57 

Order 

s* — 

45 

39.87 

63.4 

56.26 

62.63 

3 


0.78 

0.84 

0.62 

0.52 

0.24 

6 


0,96 

0.97 

0.57 

0.59 

0.52 

9 


1.11 

1.03 

0.62 

0.62 

0.49 

12 


1.33 

1.23 

0.77 

0.69 

0.48 

18 


1.90 

1.73 

1.09 

0.82 

0.55 

24 


2.48 

2.27 

1.33 

1.04 

0.66 

27 


2.76 

2.52 

1.46 

1.18 

0.76 

36 


3.59 

3.26 

1.77 

1.52 

0.91 

48 


4.69 

4.28 

2.54 

1.96 

1.17 

^-Averaged over relative frequency range, u/uo, 

of 0.96 

to 1.08. 



grating efficiency for P-plane (E vector parallel to grooves) and S-plana 
(E vector normal to grooves) radiation for an R2 grating used in a mono- 
chromator configuration is shewn in Pig 3-12. For this particular grat- 
ing configuration, it would appear that grating polarization sensitivity 
would be quite small by the 18th order, where b/X would be 5.6s 1. In 
canparing calculated grating efficiency from Fig 3-11 wiun the measured 
efficiency of Fig 3-12 it must be remembered that the calculated efficiency 
is for a grating in a spectroneter configuration (fixed incident angle? 
detection at multiple diffraction angles) and the measured efficiency is 
for a grating in a monochromator configuration (fixed angular spacing between 
incident and diffraction angles? variable grating angle). In addition, in 
terms of bandwidth and polarization sensitivity, relative values of b/X must 
be considered. Mean values of b/ X corresponding to the calculated grating 
efficiencies of Fig 3-11 are listed in Table 3-3. Values of b/X correspond- 
ing to the nominal blaze wavelength for the measured efficiencies of Fia 
3-12 are shown in Fig 3-12. 

For grating orders below the scalar domain, the following 
general observations can be made with respect to relative grating efficiency: 

• As grating orders increase, efficiency characteristics vs 
wavelength become quite regular. Grating anomalies appear 
to be very much reduced, 

• As grating orders decrease below the scalar region polariza- 
tion sensitivity incre* .. ,a. 

• The separation in terms of wavelength of the P-plane and S- 
plane frequency response for orders below the scalar region 
results in a reduction in peak efficiency and a broadening 
of the overall frequency response for random polarization 
with respect to frequency response calculated using the 
scalar model. 

• By adjusting blaze and antiblaze angles, it is generally 
possible to simultaneously adjust the relative efficiencies 
at selected band edges for one relatively low order and one 
relatively high order. Hie blaze angle primarily affects 
relative frequency response in the higher orders? the anti- 
blaze angle primarily affects frequency response in the lower 
orders. In the scalar region, peak efficiency can be a re- 
latively strong function of the antiblaze angle, while the 
skirt response is a relatively weak function of the anti- 
blaze angle. 

• Peak efficiencies are higher for Littrcw configurations, but 
relative bandwidths are broader for off-Littrow configura- 
tions. If the required bandwidth is wide enough, the off- 
Littrow configuration may provide greater absolute effic- 
iency near the band tidges. 
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Figure 3-12 Measured relative efficiency for P-plane (dashed lines) and 
S-plane (solid lines) for an R2 echelle grating used near 
Littrow (3 - a -- 7.5°) in a monochromator configuration 
(grating pitch = 316 g/mm, ij> « 61.5°) 
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For first order design there is same validity in using the scalar grating 
model with reduced peak efficiencies for the lower nonscalar orders. In 
order to specify optimum grating angles for a hardware design for the 
echelle grating, however, it would he necessary to build and test sample 
gratings under the proposed angular conditions of use. In effect, a 
grating design for use under nonscalar conditions would have to be arrived 
at through a cut-and-try procedure using insights derived from the scalar 
model to guide the effort. 

While considerable progress has been made in France and in 
Australia during the last few years in modeling grating efficiency outside 
the scalar danain, it is reported that these models ar e inadequate for 
steep echelle gratings. 

Figure 3-11 shows that an echelle grating optimized for minimum 
NEN must be used in relatively low orders if the spectral channel set re- 
sults in diffraction angles which extend over a relatively large angular 
range. Figure 3-12 indicates that such gratings will exhibit considerable 
polarization sensitivity. A blazed grating could be used in higher orders 
in the scalar domain to effectively eliminate polarization sensitivity if 
the bandwidth in the higher orders could be widened. Conceptually, this 
cculd be accanplished by using multiple blaze angles for the grating. 

To ' successful, the amplitude fields frcsn each blazed section 
of a multiblazed (rating must effectively be in-phase at the desired dif- 
fraction angles. For example, for out-of-phase angles of 10 degrees the 
resultant field amplitude degradation for equal amplitude fields is approx- 
imately 1 percent; for 25 degrees, 5 percent; for 45 degrees, 15 percent; 
and of course, for 180 degrees, 100 percent. Neglecting reflections from 
the antiblaze facets, the phase centers for each grating groove can be 
taken at the center of the illuminated width of the blaze facets, as il- 
lustrated in Fig 3-13. The phase difference (in radians) between two 
blazed sections having the same groove pitch is 

2ir 

A P" [w'(sin a + sin 3) + h(cos os + cos 0)] (3.24) 

A 

or, in terms of grating orders and angles, and with the blaze ruling error 
offsets expressed as ratios with respect to the grating pitch, 

( W* h cos a + cos 0 

+ , „ — 

a a sin a + sin 0 

where 

h = height of phase center offset between blazed sections 
normal to grating surface 


(3.25) 


Table 3-3 Illuminated facet width to wavelength ratio (b/X) 
vs grating orders and angles 


b/X 


Grating 

Order 


R1 

R2 

R3 

ob 0 -— 45 
45 

50.13 

39.87 

63.4 

63.4 

70.54 

56.26 

80.57 

62.63 

3 

1.5 

1.4 

0.75 

0.57 

0.26 

6 

3.0 

2.8 

1.5 

1.1 

0.53 

9 

4.5 

4.1 

2.3 

1.7 

0.79 

1 0 
Xw 

6.0 

5.5 

3.0 

2.3 

1.1 

18 

9.0 

8.2 

4.5 

3.4 

1.6 

24 

12.0 

11.0 

6.0 

4.6 

2.1 

27 

13.6 

12.4 

6.8 

5.1 

2.4 

36 

18.1 

. 16.5 

9.1 

6.8 

3.2 

48 

24.1 

22.0 

12.1 

9.1 

4.2 




w = distance between phase centers between ary two selected 
grooves, one in each of the two blaze sections 

w'' - w - na, where n is an integer and w < a 

For a fixed incident angle and for all diffraction angles less than or 
equal to the incident angle, fields from the different blaze sections would 
be in-phase if the ruling offset errors, w 1 * and h, were both zero. Equa- 
tion 3.24 shows that tP' is a funtion of X, a, 0, w", and h, and that it 
is inversely porportional to X. It is independent of grating order. (In 
Eq 3.25 m/a is a constant for a given wavelength.) In the AMTS channel set, 
for example, the shortest wavelength channel, Channel 28, has a wavelength 
of 3.723 ym. Assuming an incident angle v , /I degrees and a diffraction 
angle of 57 degrees, for a maximum phase error of 25 degrees it would be 
necessary to hold w" to less than 0,15 ym if h were zero, or to hold h to 
less than 0.30 yni if w" were zero. 

In point of fact, reflection of the diffracted wave frcm the 
blaze facet by the antiblaze facet will affect the phase shift between 
blaze sections for echelle gratings. In the limit, it would be possible to 
rule a perfect multiblazed echelle grating for only one order for a given 
set of grating angles. In addition, widening grating bandwidth by using 
multiblazed gratings would significantly decrease the peak efficiency 
available from the grating. In order to examine these effects in detail, 
it would be necessary to expand the dual-vector grating efficiency model of 
Appendix C. to include a set of dual vectors for each blaze section and the 
effects of effective phase offset errors between them. 

The above arguments for multiblazed gratings are valid in 
collimated optical space at infinity. The degree to which a particular 
optical configuration or the quality of the optics might affect this argu- 
ment has not been determined. 

It would appear that ruling a good multiblazed grating is not 
a trivial task. For the AMTS, this would result in tight alignment toler- 
ances for the phase centers in a very coarse grating. At the same time, 
such an approach should not be rejected out-of-hand if the task requires it. 
Such a grating would tend to fall into the scalar domain where the math 
model for grating performance would yield good numeric values. 

3. 1.1. 3 Optical Chopping Considerations 

3. 1.1. 3.1 NEN Effects 

Equation 3.1 can be used to calculate NEN for a radiometer 
using an optical chopper. A figure of merit for an optical chopper/ signal 
processor configuration is /af/F c . If the optical beam is not chopped, 
the chopper factor, F c , is unity. 

In Eq 3.1 and 3.10 D* is assumed to be invariant within the 
electrical passband of the system. As illustrated in Fig 3-14, total 
detector /preamp noise consists of the sum of l/f noise and noise that is 


essentially constant as a function of frequency. If the l/f noise is 
significant, D* can be a function of the amplitude vs. absolute frequency 
response of the system noise pas stand. This difficulty can be avoided in 
Eq 3.1 and 3.10 if D* is specified in terms of the frequency invariant noise 
ccmponent (i.e., D* is evaluated at a frequency well beyond the l/f noise 
knee, Pr) and an equivalent noise bandwidth is used which accounts for the 
relative l/f noise integrated over the passband of the noise filter. 

Equivalent noise barriwidths and figures of merit from ocmputer 
modeling are listed in Table 3-4 for four chopper/noise filter configura- 
tions for three values of the l/f noise frequency knee using computer 
simulation models developed in Appendix D. In the numeric examples of 
Table 3-4, the total footprint dwell time, T<j =0.12 sec, is the same for 
all configurations, but the shutter open time per footprint, T s , varies. 

For chopped waveforms an ideal square wave chopper is assumed. 

Configuration (a) - No optical chopper is used in this config- 
uration. Detector output is integrated over the full foot- 
print dwell interval. 

Configuration (b) - An optical chopper is used with one cycle 
per footprint dwell. The ikpit interval per cycle is 
twice the length of th# dark interval. The sum of the 
integrated detector outputs for the dark intervals on 
either side of the light interval is subtracted from the 
integrated detector output for the light interval . 

Configuration (c) - A square wave optical chopper is used, with 
one cycle per footprint* dwell. The integrated detector 
•3- tput for the dark interval is subtracted from the inte- 
grated detector output for the light interval.. 

Configuration (d) - A square wave optical Chopper is used, with 
multiple cycles per footprint dwell. The sum of the inte- 
grated detector outputs for the dark intervals is sub- 
tracted from the sum of the integrated detector outputs 
for the light intervals. 

For Configuration (a), noise was integrated over a bandwidth of 
0.02 to 200 Hz. For Configurations (b) and (c), integration was from 0.05 
to 200 Hz. For Configuration (d) , integration was from 0.5 Hz to 400 Hz 
for 6, 12, and 24 cycles per footprint dwell and 0.5 Hz to 600 Hz for 48 
cycles per footprint dwell. The decrease in effective noise bandwidth as 
the nuntoer of cycles per footprint dwell increases for Configurations (c) 
and (d) is believed to be the result of limiting the high frequency cutoff 
point. 


In the absence of significant l/f noise in the detector and 
preamp, optical chopping could be avoided (F c = 1). In the limit, for the 
integrated detector output, AF « l/(4Ta). If significant l/f noise is present, 
then the best strategy could be to use an optical Chopper with the chopping 
frequency well above tile l/f noise frequency knee. Ebr a square wave 


RELATIVE DETECTOR NOISE POWER 



Figure 3-14 Relative detector noise power vs noise frequency 


l 

fcjgg BiWB t fii *S3 b*m n, 


3-37 



chopper and synchronous demodulation, F c = 0.5 and in the limit AF - l/T^. 

If no l/f noise were present, there would be a factor of 4 NEN advantage 
in using an unchopped rather than a chopped system. The computer Simula- 
tion models developed in Appendix D offer a means of evaluating the effects 
of l/f noise and lew pass filters upon system noise bandwidth. 

To minimize NEN (i.e,, to minimize /af/f g ) : 

• If detector l/f noise frequency knee is low, use a simple 
integrator without optical chopping (Configuration (a) ) . 

• If detector l/f noise frequency knee is high, use an optical 
chopper at a frequency considerably higher than that of the 
l/f knee ( Configuration (d)). 

• Use a low pass filter to limit the high frequency noise band- 
width ahead of the channel integrator. 

3. 1.1. 3. 2 Spatial and Spectral Weighting Effects 

An optical chopper placed close to and ahead of a field stop — 
generally the inlet slit — can result in spatial weighting of the footprint 
and spectral weighting of the instrument slit function response. 

Optical chopper blades which cover and uncover the inlet slit 
from the same side — like a tuning fork chopper — will result in spatial 
weighting of the footprint. This is due to the fact that the instrument 
does not view every point in the footprint for the same amount of time . A 
chopper blade which covers and uncovers the inlet slit while moving in the 
same direction — like a chopper wheel — will not result in spatial weight- 
ing, since the instrument views every point in the footprint for the same 
amount of time. 

For every point, source in object space, chopper blades which 
move side to side across the ray bundle ahead of the inlet slit result in 
a time varying weighting of the effective length of the grating illumin- 
ated by the point source. This will result in a spectral weighting of the 
slit function response. The principle effect of this weighting will be to 
increase the wing response of the slit function. To the extent that spec- 
tral weighting occurs in AMTS, it should be the same for all footprint 
elements within an array. If the chopper blades move up and down along 
the slit length, however, the effective length of the grating is not 
affected and spectral weighting will not occur. 

Spatial footprint weighting can be avoided by using a chopper 
wheel. Spectral weighting of the slit funtion response can be minimized 
by using a large diameter chopper wheel with its axis placed to the side 
of the slit array and operated close to the inlet slit jaws. This con- 
figuration will result in same differential spectral weighting of the 
footprints within the array. 
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Table 3-4 Comparison of noise bandwidth and figure of merit 
for typical chopper/ integrator configurations 
as a function of l/f noise frequency knee 
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+ 
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6.81 

6.78 

5.69 

5.51 
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5.21 
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3. 1.1. 4 


Detector Considerations 


Math models for calculation of D* for PC HgCdTe, PV HgCdTe, 
and PV InSb detectors are contained in Appendix F. In general, D* is 
not completely independent of the optical configuration of the instrument, 
as represented by the term /a^/m of Eq 3.1, In this paragraph 
detector parametric equations are presented which show d* dependency upon 
'Optical design parameters for the instrument configuration of Fig 3-1; 
upon _ photon background, temperature, and detector bias voltage; upon pre- 
auplifier parameters; and upon detector material and design parameters. 

The method for calculating background for the basic instrument configura- 
tion of Fig 3-1 is also presented. 


The following symbols and expressions are used in the para- 
metric equations presented in this paragraphs 

Run = unimmersed detector area (cm 2 ) 

A 1 = 10 /Cl + FcR^F " (Rp/CRaAo)) (1 + 

A^ = area of detector (cm 2 ) 

Ag a = area of grating with respect to a (cm 2 ) 

Aq = open loop gain of preanp 

a = grating incident angle (rad) 


Aflg - 

An DET = 
A-a = 

B InSb = 


area-solid-angle product with respect to inlet slit (an 2 *sr) 
area-solid-angle product with respect to exit slit (cm 2 *sr) 
area-solid-angle product with respect to the detector (cm 2 *sr 
trans impedance of preamp (fi) 
q 2 B 3 2 (B2NA/B^ + BjND/bJ) 

^b^®l®2 T c ND-NA 


(K”5/2 , jj- 1 , an -2 ) 


HgCdTe 


q 2 B 4 2 (B2NA/S[ + BjND/^) 
K b^ B l®2 T c ND«MA 


(ir^.sr 1 *^" 2 ) 


B x = Ky/q (cm 2 /K/s) 
B 2 = Kv^/q (cm 2 /K/s) 


b 3 - 


32tt 3 K 3 

h® 



1/2 


(K” 3 / 2 «an“ 3 ) 


B 4 = (8.46 - 2.29X + 0.00342T)10 14 E g 3 / 4 (K“ 3 / 2 *cnT 3 

Bg » u + ^ (an 2 /v/s) 

Bg =* 10pqT c n/(H^c^p) (cm/V) 

0 = grating diffraction angle (rad) 

C 3 = (Z F /Zd)[A < ^d/(Zd(l + Ao) + Zp)3 
c 4 * 1/Cl + F c R E C F - (R F /(A Q R d ))(l + FcR^)] 
c = speed of light (an/s) 

C 3 = detector capacitance (F) 

C F = feedback resistor capacitance (F) 

D* = detector detectivity (cm/Hz/w) 

Eg = bandgap energy (eV) 
ej s= dewar sxiissivity 
e c p = exit collimator emissivity 
eg = grating emissivity 

- grating mask emissivity 
= inlet collimator emissivity 
e sm = slit mask emissivity 
e 3 = scene emissivity 

= emissivity of background source i 
e j = emissivity of background source j 
= emissivity of background source k 
T| = quantum efficiency 
F c = 2 tt • chopping frequency (Hz) 

F s = slit factor = ^w^/^wal 
G wa = projected grating width with respect to a (an) 
Gfia - projected grating height with respect to a (an; 


H * detector height (cm) 
h * Planck's constant (J*s) 

K = Boltzmann's constant (J/K) 

Kb * Boltzmann's constant (eV/K) 

1 « total nuntoer of background source i's 
m = total number of background source j ' s 
= reduced electron mass (kg) 

% = reduced hole mass (kg) 
y = electron mobility (an 2 /v/s) 

= hole mobility (cm 2 /v/s) 
n - total number of background source k's 
NA - acceptor concentration (an -2 ) 

ND = donor concentration (cm -2 ) 

N r o = blackbody radiance at the exit collimator temp. 

( W/ cm 2 / sr / cm” 1 ) 

Ng = blackbody radiance at the grating temp. (w/an 2 /sr/cm -1 ) 

= blackbody radiance at the grating mask temp. (w/cm 2 /sr/cm"^ 

N ca = blackbody radiance at the inlet collimator temp. 

(w/cm 2 / sr/ cm -1 ) 

= blackbody radiance the slit mask temp. (W/ cm 2 / sr/ cm - -*- ) 

Hp = blackbody radiance at the telescope temp. (w/cm 2 /sr/cm” 1 ) 

N g = blackbody radiance at the scene tenp. (w/ cm 2 / sr/ an - - 1 ' ) 

Up = peak spectral response of detector (cm" 1 ) 
u = wavenumber (cm -1 ) 

= detector cut-off wavenumber (cm" 1 ) 

Au = half power spectral bandwidth (cm -1 ) 

At bP “ order filter bandwidth (cm -1 ) 

5u = the wavenumber increment ( - ^i-i) 


P D * hole concentration (cm“ 3 ) 
q * charge of an electron (A*s) 

* photon flux from background source i (photons/an 2 /sr/s) 

* photon flux from dewar (photons/ar^/sr/s) 

R<3 “ detector dark resistance (fl) 

Rp = feedback resistance (R) 

R g * shunt resistance (R) 

R = qn/ (he Up) = responsivity (A/W ) 

S w g = exit slit width (cm) 

= image of inlet slit width (an) 
a = detector conductivity (l/o) 

T = detector temperature (K) 

T g = scene equivalent temperature (K) 

Tpp = feedback resistor temperature (K) 

Tj_ = temperature of background source i (K) 

Tj = temperature of background source j (K) 

Tk = temperature of background source k (K) 
t = detector thickness (cm) 
t c = carrier lifetime (s) 

tpL = transmissivity from ahead of field lens to detector 
r c g = transmissivity from ahead of exit collimator to detector 
tg = transmissivity from ahead of grating to detector 
r ca - transmissivity from ahead of inlet collimator to detector 
"irji = transmissivity from ahead of telescope to detector 
T£ = transmissivity frem background source i bo detector 
tj transmissivity from background source j to detector 

Tfc = transmissivity from background source k to detector 
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3. 1.1. 4.1 


Vfc » detector bias voltage (V) 

V£ » Vfe/W (V/ cm) 

Vp, * preamp noise voltage (V'/ZHz) 

W * detector width (an) 
x * mole fraction CdTe; (CdTe + HgTe) 
Zd « detector impedance (ft) 

Zp * feedback impedance (ft) 

PC Detectors (HgCdTe) 


The reciprocal of D* for the PC detector/TIA preamp combina- 
tion can be expressed as 


where 


1 

D* 


/LU\ LLy + f.JL\\ /_L_Y 

VPW \D*BOi/ \D*bs s / \ 0*033 J 


y 


D'dWb/ \ D * 


GR 


1 \ 2 
d*pa 


1/2 


(3.26) 


D*jn = Johnson noise limited D* 

D* 0 Qi = instrument background (shot) noise limited D* 

d *B3s “ scene background noise limited D* 

0*003 ~ dewar background noise limited D* 

D*JNfb “ feedback resistor Jdhnson noise limited D* 

D* gr - generation/ recombination (GR) noise limited D* 

(for PC detectors only) 

D* pa = preamp noise limited D* 

Each of these component D*’s can be viewed as the D* calculated as though 
only one noise type existed, where 

r 4KTqt „ 0 -Eg/KpT 


D* 


JN 


(B 6 v b )2p o 






^h p o 


2 ) 


1/2 


(3 C 27a) 
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D* 
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(3.27g) 


The interrelationship of l/D* and the optics term, /Aa/Afl a , is shown in 
Table 3-5 for each of these parametric 'liquations for PC detectors. The NEN 
proportionality is the product of the l/D* proportionality and /A^/AQ. Con- 
ceptually, optical inrntS’aion of the detector would reduce detector/ preamp 
noise for all except the background noise components for PC HgCdTe detec- 
tors. The overall effectiveness of immersion depends upon the relative 
amplitudes of the individual noise components. 
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l/D* for the noise ccnponents of a 15 pm PC HgCdTe detector are 
plotted in Fig 3-15 for selected detector/preamp parameters and operating 
conditions. For this detect or NEN due to the major noise components — GR, 

PA, JN and JNfb—are reduced by detector immersion. PA, JN, JNfb and BGd 
noise components are a relatively fast function of detector temperature . 

For the data plotted in Fig 3-15, the mole fraction of the material was 
varied as a function of detector temperature to hold iv, constant. In 
addition, the feedback resistance was varied as a function of detector temp- 
erature to maintain the ratio of %/Ra equal to 10. A l/f noise component is 
not included in the PC detector mode'l. In general, this noise component is 
best treated in terms of equivalent noise bandwidth (Para 3. 1.1. 3.1). 

The detector performance illustrated in Fig 3-15 is not neces- 
sarily typical of all detectors and all frequency ranges. This figure 
represents the nominal detector design for Baseline V channel 8, including 
detector immersion. 


3. 1.1. 4. 2 PV Detectors (HgCdTe and InSb) 


The reciprocal of D* for these PV detector /TI A preanp combina- 
tions can be expressed as 


1 

D* 


/„M 2 + ( 1 \ 2 + / M 2 + /._ M 2 JJ —\ 2 1 /JL \ 2 

\ D *JN/ l D *BGi/ \ d *BGb) \ c *BGd/ \ D *JNfb ) \°*PA / 


1/2 

(3.28) 
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Table 3-5 Interrelationship between l/D* and NEN in terms 
of /Aa/Afl a 


For PC HgCdTe 


Noise Source j i/d* 


Johnson 

noise 


! independent 

!«f 


For PV HgCdi'e & Pv InSb 

p— | 

l/D* | NEN ! (? 

1 |__ 
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The interrelationship of l/D* and the optics terra, shown _ij 

Table 3-5 for each of these parametric equations for PV detectors. For 
these detectors, detector immersion would affect only the detector Johnson 
noise component. 

l/D* for the noise components of a 10 pm FV HgCdTe detector 
is plotted in Fig 3-16 and of a 4 ym PV InSb detector in Fig 3-17 for 
selected detector/preamp parameters and operating conditions . The PV 
HqCdTe detector performance of Fig 3-16 would not be significantly im- 
proved toy optical immersion nor would junction bias significantly improve 
its overall performance. Conceptually, however, this detector performance 
could toe improved significantly if the feedback resistance value could be 
increased, and the instrument optics cooled to <110 K. Under s^h ad- 
ditions, the detector would approach scene background limited performan . 
Conceptually, the PV InSb detector performance of Fig 3-17 would be im- 
proved by optical immersion, by reverse biasing the detector junction, by 
increasing the feedback resistance, and by cooling the optics to 13U k. 

It would probably not be possible to approach scene background limited per- 
formance with this detector. 

Detector /preamp circuit frequency response and pulse transient 
response characteristics place an upper limit upon the value of the teed 
back resistor in a particular application. This limit is related to the 
dark resistance of the detector, to the stray capacitance distributed 
throughout the circuit, and to the degree to which these capacitances can 
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I Figure 3-3.5 PC HgCdTe detector performance. Solid lines represent 

I l/D* noise canponent vs tenperature, Broken lines represent 

l/D* noise cxxrponent vs another detector parameter. 
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Figure 3-17 PV InSb detector performance. Solid lines represent 

l/D* noise component vs temperature. Broken lines represent 
l/D* noise component vs another detector parameter. 



be minimized and compensated for in circuit design and layout, For re- 
sistance values of the order of 10 9 to 10 11 ohms, contamination and leakage 
current effects, as well as resistor linearity as a function of voltage and 
temperature, will also place a practical limit on the maximum value of the 
feedback resistor. 

The detector performance illustrated in Fig 3-16 and 3-17 is 
not necessarily typical of all detectors and all frequency ranges. These 
figures represent the nominal detector design for Baseline V channels 12 
and 26 respectively. 

3 . 1 . 1 . 4 . 3 Background Calculation 

For the instrument optical configuration of Fig 3-1 total 
background flux upon the detector is made up of unfocused flux from within 
the detector dewar plus flux focused upon the detector within the optical 
system ray bundle. The effects of unfocused dewar flux are represented by 
parametric Eq 3.27d and 3.29d; the effects of scene focused flux originat- 
ing outside the instrument are represented by parametric Eq 3.27c and 
3.29c; and the effects of focused flux originating within the instrument 
are represented by parametric Eq 3.27b and 3.29b. The method of calculat- 
ing the focused flux from within the instrument is as follows: 

The blackbody photon flux at an instrument source, i, is 


N i Au i 

q s (photons/ (cm 2 »sr*s) ) (3.30) 

hCUi 

and the true photon flux at the detector is 

Qi = qj[ ej[ (photons/s) (3.31) 

and the sum of all the sources within the instrument is: 
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(3.32) 


Equation 3.32 illustrates the method for the general optical configuration 
of Pig 3-1, assuming that only the emitting elements pictured in Fig 3-1 
exist in the instrument. In Eqs 3.27b and 3.29b, the i^ 1 terms correspond 
to those elements Which in Eg 3.32 contain the product A%>et Ai^p in their 
background contribution expression; the j“ v terms correspond to AQ a Au 0F ; 
and the k** 1 terms correspond to M a Au. For a particular instrument con- 
figuration, the method illustrated in Eq 3.32 can be used to develop an 
expression containing all sources of focused background originating within 
that instrument, 

3. 1.1. 4. 4 Conclusions (Detector Considerations) 

In terms of NEN performance, the optical and thermal design of 
the instrument, the detector design, and the detector/ preamp circuit de- 
sign are strongly interrelated. Figures 3-15, 3-16 and 3-17 illustrate 
the importance of a well integrated design effort to optimize these parame- 
ters on a system basis where optimization of overall instrument, performance 
is important. Performance gains of 2 to possibly 3 times might be achiev- 
able in this fashion Which VK'tld be impossible or impractical to achieve in 
iny other way. Such an effort must involve the detector manufacturer as 
well as the instrument designers. 

3. 1.1. 5 Instrument Slit Function Considerations 

Two AMT S requirements place constraints upon the instrument 
slit funtion response: 1) control of radiometric error due to slit function 
wing response crosstalk, and 2) the instrument line function of a channel 
for all footprint elements within a spatial array should have the same 
amplitude vs. frequency response within narrows limits (Para 2.3.6). 

3. 1.1. 5.1 Spectrometer Slit Function Effects 

The spectrometer slit function, defined between inlet and exit 
slits, is closely approximated by the convolution in the image plane of: 

• The image of the inlet slit 

• The geometric point spread distribution of the spectrometer 
optics between the inlet and exit slits 

• The diffraction line function of the instrument aperture 

• The exit slit width 

The convolution of the inlet slit image with the exit slit results in the 
"ideal", or distortion free, slit function. Spreading of this ideal func- 
tion is entirely due to the effects of geometric optics aberrations and of 
instrument aperture diffraction. The spreading due to the geometric point 
spread distribution is bounded, and is restricted to the near frequency 
field. Spreading of the instrument slit function response into the far 
frequency field is entirely due to the instrument aperture diffraction 
spread function, and is bounded by the channel order filter bandwidth. 


Where a rectangular unobs cured grating forms the sytem aperture stop, the 
diffraction spread distribution for a coherent monochromatic source is 
represented by the grating line function 


where 



■it L 

•— > — Cain 3 0 - sin (3 0 + A$)3 
X 


(3.33) 


I c - maximum line intensity (A3 = 0) 

X = line intensity as a function of 3 
L = grating length (normal to grooves) 

X e wavelength 

3 0 = nominal diffraction angle for wavelength X 
3 = grating diffraction angle 

A3 - 3 - 3 0 

In the limit, as A3 approaches zero, l/l 0 approaches unity. 

When the grating is illuminated by an area source, where each 
point source within the area has a coherence time, t 0 ,, then the overall 
grating line function is the summation of the autocorrelation line functions 
for all of the individual point sources. It is shown in Para 4.3.3 that 
this can modify the effective grating line function for long, high disper- 
sion gratings. Widening of the overall instrument slit function response 
is not particularly severe, taut the slit function wing response may be 
increased by two to four times. 


Slit function wing response crosstalk is a function of the wing 
response of the slit function and of the spectral energy distribution of 
the channel within the bandwidth of the order filter (Para 4.3.3). Slit 
function wing response requirements effectively place a lower limit upon 
the acceptable grating length. The requirement that the slit function 
response for any given channel be the same within narrow limits for all 
footprint elements within an array implies that the point spread distribu- 
tion of the spectrometer should be relatively independent of field angle. 

3. 1.1. 5. 2 Foreoptics Slit Function Effects 

To the extent that the foreoptics point spread distribution 
due to the geometric aberrations and aperture diffraction effects is con- 
tained within the width of the spectrometer inlet slit, its effect will be 
to modify the overall point spread distribution at the spectrometer image 
plane. To the extent that this modified point spread begins to fall out- 
side the exit slit width (while the foreoptic point spread is within the 
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inlet slit width) the principal effect will be a modif ication of the over- 
all bandwidth of the instrument slit function response, As energy within 
the foreoptics point spread falls outside the inlet slit ' the object 

point energy distribution upon the grating iff spatially weighted. The 
principal effect of this weighting will be to increase the 
wing response, vignetting anywhere ahead of the exit slit of the instru 
rnent can cause a similar effect. 


Chromatic aberrations in the foreoptics will affect footprint 
spatial simultaneity as well as overall instrument slit function response. 
Variations of foreoptics aberrations vs field angle will affect the accu- 
racy with which the system can be tuned in orbit. 

Effects due to foreoptics aberrations can be minimized by: 


• Using foreoptics having small geometric aberrations, 

• Using lew F/NO optics for the foreoptics (and spectrcmett _* 
inlet collimator) . 

• Avoiding chromatic effects in the foreoptics. 

• Reusing the forecptics sharply on the inlet slit jaws. 

• Using forecptics whose point spread distribution is indepen- 
dent of field angle. 


3. 1.1. 6 Orbit Considerations 

Orbit and earth coverage parameters for a jingle satellite 
are listed in Table 3-6. The sun synchronous orbits listed above the line 
are also harmonically related to the solar day, and their ground traCKs 
would repeat fiom day to day. Earth coverage for the three sun synchronous 
orbits listed below the line is illustrated in Fig 3-18. 


For ±45 degree crosstradk scan, the Baseline V (TIROS) orbit 
provides full earth coverage once in each 24 hour period. Coverage on suc- 
cessive orbits is not contiguous near the equator, but gaps between the 
ascending orbits (orbits 1 and 2 for example) would be covered by descending 
orbits (orbit 8 for example) about one-half day later. If the ascending 
orbits provide daytime coverage, then the descending orbits provide night- 
time coverage. In this intermediate altitude range, only orbits very near 
the 833 tan altitude can provide full earth coverage once in each 24 hour 

period. 


The 705 tan altitude orbit has been proposed for the Earth 
Observing System (EOS) . For ±45 degree crosstrack scan, this orbit would 
provide full earth coverage once in each 36 hour period . 


Note that two satellites, both at the same altitude in synchro- 
nous orbits between 700 tan and 1350 tan and with their equatorial crossings 
properly time phased, could provide full earth coverage twice in each 24 
hour period, once on the nightside and once on the sunlit side of the 
earth. 
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Table 3-6 Orbit, and earth coverage 
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r XVie 1350 Km altitude orbit represents the minimum altitude for 
full earth coverage twice in each 24 hour period from a single satellite. 
Coverage would be contiguous between successive orbits. If ascending 
orbits provided daytime coverage, the descending orbits would provide 
nighttime coverage. This type of coverage could be provided by all higher 
orbits. For such orbits, the crosstrack sc&n angle could be reduced to 
minimize overlap between successive orbits and to maximize dwell time. 

Orbit ground tracks for 45 degree inclination orbits are illus- 
trated in Fig 3-19. In conjunction with Table 3-6, Fig 3-19 is useful for 
visualizing the type of coverage possible with medium inclination orbits. 


3. 1.1. 7 Optical Design Criteria Summary 

Optical design criteria developed in Para 3. 1.1.1 through 
3. 1.1. 6 are summarized in Table 3-7. 


3.1.2 Optical Configuration 

The conceptual optical design for a Baseline V instrument is 
based upon the optical design criteria of Table 3-7. A layout of the in- 
strument optics is presented in Fig '3-20 (page 3-71). Details of the 
inlet slit mask and image plane assembly are shown in Fig 3-21. Optical 
design parameters ecmron to all signal channels are listed in Table 3=8. 
Signal channel dependent parameters are listed in Table 3-9. Spectral 
alignment channel parameters are listed in Table 3-10. 


A fixed R2 echelle grating is used in an in-plane, off-littrcw, 
multichannel spectrometer configuration in the 3rd through the 13th orders. 
Sixteen element linear detector arrays are used for each spectral channel. 
An off-axis Bouwers concentric catadioptric system is used for the grating 
inlet and exit collimator. The extended center line of the grating passes 
through the center of curvature of the monocentric collimator optics? con- 
sequently, optical performance is relatively independent of grating angle. 
The grating mask forms the aperture stop of the instrument. 


The linear inlet slit array is 16 elements high. The unmasked 
height of each element is 0.7 times the slit width. Premasks, 0.3 times 
the slit width, are provided between individual elements of the inlet 
slit array to spatially define each footprint element. Channel 10 controls 
the inlet slit width, the width of the image of the inlet slit in the 
image plane being equal to the channel 10 slit width. The exit slit widths 
for all other channels are wider than the inlet slit image. 


The image plane of the Baseline V spectrometer contains 28 spec- 
tral channels. Each spectral channel is 16 detector assemblies high. Each 
detector optical assembly consists of a 1 percent bandwidth interference 
order filter, nominally vertical slit jaws located in the image plane which 
determine channel spectral frequency and bandwidth, a nominal F/l field 
lens, and a detector. In addition, photoconductive detector channels — 
channels 1 through 11— contain a hemispheric detector immersion lens. 

The axes of the field lenses are aligned with the center rays of the off 
axis ray bundles converging upon the center of the image plane slits. 
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Table 3-7 Summary of optical design criteria 


A. To minimize NEW per composite footprint within limitations of a given 

optical bandwidth: 

1) Use a high dispersion grating 

2) Operate the grating off Littrow (optimize grating angles, considering 
effects on gracing efficiency) 

3) Use a large, rectangular, unobscured grating 

4) Use a long linear array of footprint elements 

5) Use a separate image plane array for each spectral channel 

6) Use a low pass electrical filter to limit high frequency noise band- 
width 

7) If possible, use scene background limited detectors; else for temper- 
ature limited detectors: 

• Use a low F/NO detector field lens 

• Use a high index immersion lens 

8) If possible, use detectors having a low (<1 Hz) l/f noise frequency 
knee with a simple low pass integrator; else use an optical chopper 
and synchronous demodulator at a frequency considerably higher than 
that of the l/f knee 

9) Use a large composite footprint area 

B. To Maximize Cloud Filtering Capability: 

1) Use high spatial resolution. (NEN for a given composite footprint 
area is nominally independent of individual footprint size.) 

C. To Control Slit Function Response: 

1) Use a long grating 

2) Use spectrometer collimator optics whose aberrations are independent 
of field angle 

3) Use a foreoptics telescope whose aberrations are independent of field 
angle 

4) Use low F/NO telescope and grating collimator optics 

5) Use foreoptics having small geometric aberrations 

6) Focus foreoptics sharply upon the entrance slit jaws 

7) Avoid chromatic effects in the foreoptics 

8) Avoid chopper configurations which modulate the point source illumin- 
ated length of the grating 

D. to Control Spatial Weighting of the Footprint: 

1) Use nominally square individual inlet slit array elements in a 
step-and-stare crosstrack scan mode 

2) Use chopper wheel (if a chopper is used) 

E. To minimize scene polarization induced radiometric errors: 

1) Operate the grating in the scaler region (high grating orders) 
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Baseline V spectrometer cannon optical parameters 


Parameter 


Value 



Baseline V conditions 
A.X't" itude 

Nominal nadir footprint size 


Optical design parameters 


Crosstrack scan angle 
Individual footprint size (actual) 
Foreoptics telescope focal length 
Effective foreoptics aperture 

(per individual footprint) 

Inlet slit (element) size 

No. of inlet slit array elements 
Inlet slit interelement mask height 
Grating pitch 

Grating incident angle 
Grating diffraction angles 
Grating blaze angle 
Grating antiblaze angle 
Grating mask size 


833 km 
10 x 10 km 


±44.34° 

10 x 7 km 
189.26 rnn 
32.6 mm wide 
30.3 mm high 

2.272 mm wide 
1.590 mm high 

1 A 

0.682: mm 

36.850 grooves/mm 
71° 

(See Table 3-9) 
64.0° 

42.0° 

317.5 mm wide 
96 mm high 


Collimator focal length 
Detector field lens focal length 
HgCdTe immersion lens index 
HgCdTe immersion lens radius 
Exit slit size(s) 

Detector size(s) 


600 mm 
3.16 mm 

4.0 (Ge CH 1-11) 

2.0 mm (CH 1-11) 
(See Table 3.9) 
(See Table 3.9) 



Table 3-9 Baseline V spectrometer channel dependent parameters 


CH 

Frequency 
u(cm“^ ) 

' " 

Bandvri.dth 

*V2 (cm > 

— 

Grating 

Order 

m 

Grating 
Diffracting 
Angle 
0 (deg) 

1 

! 

Relative | Exit 
Grating 1 Slit 
Efficiency! Width 
(%) j (itm) 

1 

Inlet 

Slit 

Width 

Image 

(mm) 

Detector 
Width (rim) 

1 

606.95 

0.50 

3 

61.137 

40.0 

I 

| 1.8649 

1.5330 

0.199 

2 

623.20 

0.50 

3 

55.923 

40.0 

j 1.5240 

1.3207 

0.231 

3 

627.80 

0.50 

3 

54.616 

40.0 

j 1.4531 

1.2780 

0.239 

4 

634.30 

0.50 

3 

52.868 

40.0 

j 1.3655 

1.2259 

0.249 

5 

646.60 

0.50 

3 

49.827 

40.0 

1 1.2296 

1.1471 

0.266 

6 

654.35 

0.50 

3 

48.060 

40.0 

I 1.1589 

1.1072 

0.275 

7 

665.55 

0.50 


45.677 

40.0 

j 1.0715 

1.0591 

0.288 

8 

666.85 

0.50 

3 

45.413 

40.0 

I 1.0623 

1.4267 

0.290 

9 

668.15 

0.50 

3 

45.150 

40.0 

j 1.0533 

1.0493 

0.291 

10 

669.45 

0.50 

3 

44.890 

40.0 

I 1.0445 
1 

1.0445 

0.292 

11 

875.00 

0.75 

4 

47.649 

Af\ A 

1 

1 X • 40UV/ 

1 AftOA 
X*V70U 

0.319 

12 

1040.80 

1.00 

5 

55.519 

40.0 

i 1.8018 

1.3071 

0.945 

13 

1231.60 

1.00 

6 

58.137 

40.0 

! 1.6561 

1.4018 

0.882 

14 

1650.10 

1.30 

8 

57.248 

52.0 

j 1.5610 

1.3672 

0.904 

15 

1700.30 

1.30 

8 

52.024 

56.0 

I 1.2926 

1.2021 

1.028 

16 

1839.40 

1.50 

9 

59.027 

49.0 

I 1.7142 

1.4380 

0.860 

17 

1850.90 

1.50 

9 

57 „ 802 

50.0 

| 1.6350 

1.3888 

0.890 

18 

1930.10 

1.50 

9 

50.596 

47.0 

| 1.2622 

1.1658 

1.061 

19 

2384.00 

2.00 

11 

48.997 

41.0 

I 1.3044 

1.1279 

1.096 

20 

2386.10 

2.00 

12 

65.177 

40.0 

j 2.2199 

1.7627 

0.701 

21 

2388.20 

2.00 

11 

48.737 

40.0 

i 1.2931 

1.1221 

1.102 

22 

2390.20 

2.00 

12 

64.747 

42.0 

| 2.1770 

1.7346 

0.712 

23 

2392.35 

2.00 

11 

48.482 

40.0 

I 1.2821 

1.1164 

1.108 

24 

2394.50 

2.00 

12 

64.304 

43.0 

I 2.1343 

1.7067 

0.724 

25 

2424. (X) 

2.50 

12 

61.478 

51.0 

j 2.3640 

1.5498 

0.798 

26 

2505.00 

2.50 

12 

55.050 

49.0 

I 1.8451 

1.2918 

0.957 

27 

2616.50 

2.50 

13 

62.283 

48.0 

j 2.2566 

1.5911 

0.776 

28 

2686.00 

2.50 

13 

56.918 

50.0 

| 1.8246 

1.3557 

0.912 


Grating incident angle (a) = 71° 

Detector Height (mm) : CH 1-11, 0.136; CH 12-28, 0.530 

Detector linear dimensions are 93% of nominal projected grating dimensions 





Table 3-10 Spectrometer spectral alignment channel parameters j 


Relative 

Grating 

Efficiency 


CH 

X (ym) 

m 

<*>( 3 ) 

B 0 (°) 

(%) 

SI 

0.6929^,372 

67 

78.0764 

47.0883 

18.2 

S2 

0.783908 

62 

67.9300 

59.7967 

72.0 


l 



As a result the detector planes are skewed with respect to the optical 
axes of the spectrometer and are approximately normal to the axes of the 
field lenses. The field lenses image the grating upon the detectors? 
i.e., the detectors essentially lie in a pupil plane of the instrument. 
This results in a uniform distribution of the radiance from each point 
in the scene over the entire area of the detector. The Baseline V detec- 
tors slightly underfill the nominal grating image in order to reduce the 
effects of field lens geometric aberrations upon the uniformity of energy 
distribution near the edges of the detectors. Consequently, the effects 
of local variations in detector responsivity over the area of the detector 
are minimized. In addition, spatial misalignment of the detector with 
respect to the exit slit can result in some loss in SNR but would have 
minimum effects upon the spectral performance and spatial simultaneity 
of the instrument. Alignment of the image' plane mask slit jaws with 
respect to the spectral axis of the grating is critical to instrument 
spectral performance. The inlet slit premasks between footprint array 
elements, however, mask the junctions between detector optical assemblies. 
Consequently, limited misalignment normal to the spectral axis will have 
no effect upon footprint spatial simultaneity. The grating diffraction 
angle is given by 

/ m \ 

0= sirf-l / - sin a) (3.34) 

\ ua cos 6 J 

where 

a = grating incident angle 
0 = grating diffraction angle 
0 = grating out-of-plane angle 
u = spectral wavenumber 
a = grating groove spacing 
m = grating order 


The out-of-plane angle for slit positions above or below the optical axis of 
the system results in curvature of the exit slit arrays, as shown in Fig 
3-21 • 


Photoconductive HgCdTe detectors are used for the long wavelength 
channels — — 1 through 11 — photovoltaic HgCdTe detectors are used for the 
intermediate wavelength channels — 12 through 17 — and inSb detectors are 
used for the short wavelength channels™18 through 28. The D* of the long 
wavelength detectors is a relatively strong function of detector temperature , 
and the D* of the short wavelength detectors is a relatively strong function 
or wckground photon flux. All detector assemblies are contained in a ccrtmon 
thermal dewar having a design temperature of 75 K. Instrument background 


photon flux is minimised by locating the detectors within the cold dewar; by 
us ^ n ?. fl ®?- d lenses to restrict the flux falling upon the detector from 
outside the dewar to the optical ray bundle? by using cold (75 K) order 
^strict the spectral bandwidth of the flux falling upon the 
detector from outside the dewar; and by cooling the spectrometer optics to 
a design temperature of 160 K. It is particularly important to cool the 

^ etector ^ a grating instrument sees the radiance 
within the bandwidth of the order filter from the area on either side of 

the inlet slit. This radiance is diffracted by the grating into the image 
plane slit.* 


foreoptics telescope is an off-axis Schwarzschild . This is 
an all reflecting, monocentric optic? consequently, no chromatic aberration 
is introduced by the telescope to compromise spatial simultaneity, and 
telescope performance is relatively independent of IEW element field angle. 
The grating pupil stop is imaged into foreoptics space as a skewed, curved 
surface, and lies within the converging ray bundle of the Schwarzschild 
telescope. There is seme interference of the ray bundle between the secon- 
dary and primary mirrors of the Schwarzschild and the imaged instrument 
pupil? consequently, the foreoptics glare step is partially formed by the 
edge of the primary telescope mirror and seme light is incident upon the sur- 
face of the grating mask. 

The image surfaces of both the Bouwers collimator and the 
Schwarzschild telescope are spherical, and are concave toward the center 
of curvature. The focal length of the telescope is less than that of the 
collimator in the Baseline V instrument and the inlet slit array is 
placed upon the telescope focal surface. This results in an excess object 
distance for the entrance collimator, and a very slight decollimation, for 
slits near the ends of the array. This effect is conpensated for in the 
exit collimator by decreasing its image distance for image plane slits 
near the ends of the slit arrays. This effect converts the spherical 
image surface into a cylinderical surface. 

A plane parallel KBr window is placed ahead of toe foreoptics 
telescope. Its purpose is to provide a gas check into that portion of toe 
optical assembly containing toe cold detector cryostat in order to control 
contamination of toe cold optical surfaces. This window is in collimated 
optical space, and introduces no geometric optical aberrations. 

The foreoptics telescope may be visualized as projecting toe 
inlet slit array upon toe scene, or visa versa. At nadir, each footprint 
element is 7 km high and 10 km wide. These footprint elements are spaced 
10 km center-to-center along toe length of toe array. Total array length 
is 160 km. The entrance slit array is projected onto the earth by a 45 
degree scan mirror located ahead of toe foreoptics. This mirror is 
mounted at 45 degrees with respect to its shaft axis which is parallel to 
toe spacecraft velocity vector. At nadir toe linear array of footprint 
elements is parallel to toe spacecraft velocity vector. The array is 
scanned across track in a push-broom fashion by rotating toe shaft of toe 
scan mirror. This causes a skewing of toe footprint array with respect to 
its nadir alignment., and results in a scan swath width which is almost 
constant as a function of scan angle. The instrument uses approximately 
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square irdividual IPW elements? consequently, its scan mirror is seep 
scanned. IFCV elements are nominally contiguous along the across track 
scan direction, and 130 16-element footprint arrays are contained in a single 
push-broom line scan. Total scan angle is approximately ± 45 degrees with 
respect to nadir. The AMTS footprint geometry projected onto a nonrotating 
earth is illustrated in Fig 3-22. Orbit and earth coverage parameters 
are listed in Table 3-11. 


Radiometric calibration is achieved in orbit by having the scan 
mirror view a pair of on-board blackbody targets — a cold target at *200 K 
and a hot target at *310 K — between successive across track line scans. 
Calibration radiance values for a given line scan are obtained by averaging 
an equal number of calibration target looks that both precede and follow 
in time the line scan in question. This eliminates the effects of 1:L ™ 2 ar 
signal channel amplitude variations vs tims. Only the nonlinearity of the 
variations over the averaging period results in radiometric errors . In ad- 
dition, the random radiometric eriors in the calibration radiance values 
are reduced by a factor of /N, where N is the number of calibration locks 
in the averaging period. 


The spectrometer uses an optical chopper wheel operating at a 
frequency selected to be above the l/f noise knee of the PC HgCdTe^ detec- 
tors. The chopper wheel is located on the foreoptics side of the inlet ^ 
slit array and“ is equidistant from all slit array elements. The axis or 
the chopper wheel lies in a plane normal to the entrance ^ 
so that the chopper blades tend to move along the length of the slit arr y 
to minimize spectral weighting effects. The inlet slit mask is toroidal. 

It has a radius of curvature equal to the foreoptics focal iength aiong _ _ 
the length of the slit array, and a radius of curvature equal to the colli- 
mator focal length normal to the length of the slit array. The chopper 
wheel is a segment of a sphere whose radius is slightly less th^ the 
foreoptics focal length. The axis of the chopper wheel passes through the 
center of curvature of the foreoptics. Chopper blades operate at case 
temperature, without active thermal, control. Blade temperature is stabil- 
ized with respect to scene radiance variations, however, toy masking ahead 
of the blades and by a mirror surface on the input surface °f thebiadea. 
An integral number of chopper cycles are contained within each IFOV dwell 

period. 


A set of reference pulses for synchronous demodulation of the 
chopped IR signal channel voltage waveforms are derived from an optical 
chopper reference generator (Fig 3-27). Light from an inlet slit array, 
identical in size to the IR inlet slit array and illuminated ly an on-board 
source, falls upon a linear array of detectors 16 elements long. ^is 
assembly is displaced from the IR inlet slit array around the periphery of 
the chopper wheel by an angle equal to an integer number of chopper blade 
cycles so that the reference generator slits are chopped m synchronism 
with the IR signal slits. 


A capability is provided for in-orbit spectral monitoring and 
alignment, using relatively isolated lines of neon as the spectral reference 
source. An anplitude modulated, optically filtered, neon bulb source sup- 
plies illumination to two sets of spectral alignment inlet slits. These 
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Table 3-11 


feline V (LEO) orbit and earth coverage parameters 


Parameter 

Baseline V 

Orbit altitude 

833 km 

Orbit inclination 

98.75 e 

No. orbits/day 

14.21 

S/c ground velocity 

6.5812 km/ sec 

Distance between equator crossings 
(successive ascending orbits) 

2815 km 

Crosstrack swath width 

1799 km 

Swath coverage along equator 

1820 km 

Adjacent swath gap along equator 

995 km 

No. footprint array elements 

16 

Nominal nadir footprint 

10 x 10 km 

No. footprints per line scan 

130 

No. cal. target dwells per line scan 

2 

Line scan interval (Tj-j^g) 1 

24.3117 sec 

Footprint dwell time (T^)^ 

0.1273 sec 

^Fran Equation (3.18) 

^Fram Equation (3.19). TgLEW - 7*5015 sec 

(Fig 3-28) 





slits are spatially displaced tc the sides of the signal inlet slit array* 
as shown in Fig 3-21, in a cannon, thermally stable, inlet slit mask which 
contains the signal inlet slit array. Relative inlet slit positions are 
accurately known. Two 2x2 element spatial discriminator detector arrays 
are located on the image plane mask, as shown in Fig 3-21. The relative 
positions of these detector arrays are accurately known with respect to the 
image plane signal slit positions. A single wide detector located below 
each spatial discriminator array to allow measurement of the slope of the 
grating power mode over the width of the spatial discriminator array. 

Grating power modes are rather narrow for high grating orders? consequently, 
the positions of the alignment channel entrance slits and detector arrays 
are chosen so that the grating is operated near the peak of its power mode in 
each alignment channel order. Redundant neon bulb sources are provided. 
Optical fibers are used to transport light from the neon bulb housing to 
the individual spectral alignment entrance slits. 

The grating angle can be controlled by carraand. By stepping 
the grating over a small angular range, the spectral alignment channel 
data can be ground processed to yield: 

• Slope of the grating power mode at the alignment detector 
array, 

• Relative amplitude sensitivity of each spectral alignment 
channel detector. In essence, this allows an in-orbit re- 
calibration of the spectral alignment system. 

• Amplitude- vs angle response of the essentially monochromatic 
iniet alignment slit images. This allows monitoring changes 
in the geometric blur pattern width due to instrument defocus- 
ing at two points on the image plane mask. Amplitude vs 
frequency response of the IR channels can be deduced fran 

the measured amplitude vs. angle response of the monochro- 
matic alignment slit images, based upon prelaunch calibration 
data. 


For a fixed grating angle, the spectral alignment channel data can be 
ground processed to yield: 

• Ihe "apparent" angular offset of the alignment channel dif- 
fraction angles from the nominal design values. The indivi- 
dual detector outputs for an adjacent pair of detectors 
(in the 2x2 array) are differenced to effectively form a 
high resolution spatial position discriminator. The 2x2 
detector arrays allow detection of apatial shifts in both 
the spectral and spatial image plane axes. In addition, 
these 2x2 arrays provide redundant measurements for both 
improved resolution and improved reliability. 






Tn-orbit r ©calibration of the spectral alignment channels requires stepping 
the grating, and interferes with normal sounder operation. Normal spectral 
monitoring is a continuous process, however, and does not interfere with 
sounder operation. .Spectral misalignment in orbit can be corrected by 
adjusting the grating angle within limits imposed by nonlinearity of grating 
spectral dispersion vs grating angle. 

Conceptually, a rather elegant method exists for determining 
channel frequency for the IR channels. Given the kncwxedge of relative 
slit positions in the inlet slit mash, of relative slit positions with 
respect to the spatial discriminator arrays in the image plane mask, of 
grating groove spacing, alignment channel wavelength, and measured spatial 
displacements of the spectral reference slit images, solution of the fol- 
lowing simultaneous equations provides the data necessary to determine the 
spectral alignment channel (s) incident and diffracted grating angles: 

m l x l 

sin (<*l + eas ) + sin (Si + e 0s + e 01 ) (3.35a) 


m 2 X 2 

- sin (op + e„ a ) + sin (So + eo~ + eml fq.vn-d 


where 


a = grating groove spacing 
m - grating order 
X = wavelength 

ot = nominal design value of grating incident angle 

S = nominal design value of grating diffracted angle 

e os “ equivalent angular shift in inlet slit mask 

£p g = equivalent angular shift in image plane mask 

e 3 = measured "apparent" angular offset in grating diffracted 
angle 

Subscripts 1 and 2 in the set of Eq 3.35 differentiate between parameters 
for spectral alignment channels SI and S2. Gg]_ and eg 2 are measured 
parameters. e a and eg g are the unknown parameters. Actual incident 
and diffracted angles for the spectral alignment channels are: 

a' = ot + Gag (3.36a) 

S" = S + G 0g + eg (3.36b) 
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Actual IR channel frequency, o, is 


m 


0 33 

aCsin ( a + e as) + sin (3 + eg 8 )] 


(3.37) 


This method depends upon the difference in grating dispersion 
between the two spectral reference channels. To be successful, the apparent 
shift in reference channel angular offset, eg, must be measured with a high 
degree of precision. 

Narrow bandwidth el^wents — order filters, field lenses, immer- 
sion lenses, and detectors — are effectively A.R. coated for their design 
wavelength. The very broadband collimator corrector lens and the fore- 
optics gas check are not A.R. coated. Surface reflections from the correc- 
tor lens, however, are directed out of the optical, system. The uncoated 
parallel plate gas check in effect forms a low Q Fabry-Perot filter. Its 
maximum rejection over the AMTS frequency range is approximately 8 percent. 

If the frequency response of the gas check is the same when viewing the 
radiometric calibration sources as when viewing the scene, it will not 
affect radiometric accuracy. Stray light crosstalk due to bulk scatter 
of the refractive materials of the corrector lens and gas check is mini- 
mized by using homogenous refractive material. Stray light crosstalk due 
to surface scatter is minimized by using a high surface polish on these 
materials. Crosstalk due to mirror BRDl is minimized by using "super 
polished" 6 to 8 A RMS mirror surfaces. In addition, a floating light 
shield is used with the scan mirror in order to reduce the scene solid 
angle viewed by this mirror. This light shield is within a cylinder which 
rotates with the scan mirror. A reflective surface on the OD of the cylinder 
provides thermal isolation to the foreoptics compartment and to the cali- 
bration target cavities. In addition this temperature controlled shield 
prevents uncontrolled radiation from falling upon the emissive target 
surfaces and resulting in a varying "apparent" emissivity for the calibra- 
tion targets. Spatial crosstalk due to multiple reflections within the 
detector assembly can, if necessary, be eliminated by using light baffles 
around each field lens, detectoi: . and detector isrmersion lens assembly. 

The off-axis optical configuration allows use of a reflective 
surface upon the inage plane mask in order to reduce optical port thermal 
loading upon the detector cooler. Reflections from the image plane mask 
and order filter surfaces are directed out of the optical system. The 
off-axis configuration also avoids multiple passes of energy from the 
image plane back to the grating to be rediffracted onto the image plane 
at. different diffraction angles. This avoids some order crosstalk. 

3.1,3 Optical Configuration Rationale 

Major drivers for the off-axis configuration are the need to 
use an unobscured grating and the need to have reasonable optical access to 
the inlet slit and exit slit assemblies. 
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Use of the high dispersion grating is driven by the need to 
minimise instrument NEN. 


The high dispersion grating results in wide field angles in 
the collimator. These wide field angles, coupled with the need to control 
relative slit function response vs. field angle for all elements within 
each channel array, are the drivers for use of a monocentric collimator. 

The Bouwers concentric optical system allows placing the grating at its 
center of curvature in collimated optical space. 

The Schwarzschild foreoptic is used because it introduces no 
chromatic aberrations ahead of the entrance slit, it has very good optical 
performance which is relatively independent of field angle along the length 
of the inlet slit array, and the sign of curvature of its spherical image 
surface matches that of the Bouwers collimator. The fact that placing the 
inlet slit array upon the image surface of this foreoptic results in a 
cylindrical surface for the image plane for the Baseline V altitude and 
spatial resolution is a fortuitous circumstance. 


Use of germanium inmersion lenses for the long wavelength PC 
HgCdTe detectors results in approximately a factor of four reduction in NEN. 
This long wavelength performance is required to make the AMIS system viable, 
and we have found no other practical way to achieve it. In addition, german- 
ium immersion lenses reduce the PC detector joule heat loading upon the de- 
tector cryostat by a factor of 16. Large radii immersion lenses are used 
to prevent total reflection of some rays at the inmersion lens/detector in- 
terface. 


The linear array is used to minimize NEN by increasing foot- 
print dwell time and to obtain a dwell time Which is compatible with 
optical chopping and signal processing requirements. A 16 element array is 
necessary for 10 km spatial resolution (Fig 3-3). 

The use of the 16 element linear array results in nominally 
square pixel elements. This, in turn, requires use of the step-and-stare 
across track scan approach. Premasking at the inlet slit array —* which re- 
sults in rectangular actual footprint elements — along with the absence of 
chromatic aberrations in the foreoptics is required to satisfy footprint 
spatial simultaneity requirements. 

The use of an optical chopper is driven by the relatively high 
1/f noise frequency knee of PC HgCdTe detectors. A chopper wheel, chopping 
nominally along the length of the inlet slit array, is used to minimize re- 
lative slit function variations between array elements and to eliminate 
chopper induced spatial footprint weighting. 

The nominally in-plane off-Littrow grating configuration re- 
sults in grating angles which minimize /A^/A&, and which tend to equalize 
relative grating efficiency for the AMTS channel set over the length of 
the image plane with improved performance at the ends of the image plane. 

It also results in the rrost regular spatial layout of the image plane. 


PRECEDING EAGE BLANK NOT FILMED. 
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IMAGE PLANE/EXIT SLIT 




An out-of-plane grating configuration would result in rotation of the 
exit slit arrays over the length of the image plane. While an out-of- 
plane configuration would conceptually allow the grating to be operated 
closer to Littrcw conditions, the chopper wheel as used in Baseline V 
would mask the image plane for reasonable out-of-plane angles. 

Distributed radiometric calibration targets are used in a way 
that introduces no additional optical surfaces with their uncertain rad- 
iometric calibration effects — into the system. Matched dual targets are 
used so that radicmstric bias effects due to the defocused target surfaces 
are the same for both targets. This minimiEES slope error in the radio- 
metric calibration of the instrument. In-orbit system tuning — essential 
for a passive sounder — can easily compensate for radiometric offset error, 
but it cannot easily compensate for slope error. The calibration targets 
are synraetrically placed about the zenith to balance scan mirror polan- _ 
zation effects for the two targets. An angle of 30° off zenith would mini- 
mize polarization effects upon radicmetric calibration. The targets are 
placed as close as possible to the 30° angle; i.e., at *45 . 

Optical transmissivity has been maximized try use of a very 
clean optical configuration. The gas check introduces the only optical 
surfaces which do not perform a critical optical function. 

Within limits imposed by a practical instrument size, long 
wavelength detectors having a relatively high 1/ f noise frequency knee, 
and a grating configuration optimized for minimum NQJ (rather than mini- 
mum polarization sensitivity), the conceptual optical design for the 
Baseline V instrument is believed to be near optimum in terms of the opti- 
cal design criteria listed in Table 3-7 . 

What remains is to examine the generality of the grating 
spectrometer configuration of Fig 3-1. At this point a reasonable 
basis has been established for doing so. 

Two alternate image plane configurations are shown in Fig 3-23. 
In Fig 3-23a the detector is mounted upon the image plane and forms the 
effective exit slit of the spectrometer. In Fig 3-23b the exit slit is 
reimaged onto the detector. For the detector upon the image plane, NEN per 
pixel can be written (Appendix B) : 


NENp = 


^c3 

^ga 


cos a 


sin a + sin 3 





1 


Eg 



(3.38) 


For the exit slit re- imaged onto the detector, NEN per pixel can be written 
(Appendix B): 
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NEN" * 
p 


cos a 


cob a 


8 dd f c 6 

s c3s Ag a sin a + sin 0 



cos 0 



1 1 1 /AF 1 , u 

Eg n t F c D* Au 0 


(3.39) 


Except for the term s^/s^ , Eq 3.39 is identical to Eq 3.38. Ebr their re- 
spective configurations, these equations correspond to the parametric and 
scaling Eq 3.10 for the configuration of Fig 3-i. For the field lens 
configuration, NEN is a function of both grating area and grating form 
factor; for the configurations of Fig 3-23 NEN is a function of grating area 
and is independent of grating form factor. 

Taking the ratio of NENp for detectors on the image plane 
(Eq 3.38) to NENp for the field lens configuration (Eq 3.10) where the primed 
terms are used for detectors on the image plane 


NENp 

NENp 


If the first term of Eq 3.40 is examined numerically for three sets of 
grating configurations: 

1) Equal rectangular grating areas, single sided, off-axis: 



n D* 

. (3.40) 

n" F/NO D*- 


NENp 

NENp 



600 imi 


1/9923 mm 2 


6.02 


2) Maximum usable (rectangular) grating areas, double sided, 
center obscuration: 


^c 0 

NENp Ag a f c $ 

NENp /G Ha ^ /G Ha °wa 

^ga 

500 nm 

= = 2.76 

/£7,348 mm 2 

3) Double sided rectangular grating configuration for detector 
on image plane; single sided rectangular grating configura- 
tion for field lens configurations 



1 

0 

1 

1 

I 

£nn wm 

vvv Unit 

NEN£ 

^ga _ 

19,847 n a? 

NENp 

1 

1 



/9923 irm 2 


For the second term (Eq 3.40), for F s = 1 and S^/S^ 
and 0 = 45° : 


= 3.01 


= 1.43, a = 71° 


NENp 

fL = o.46 

NM p 

For the third term (Eq 3.40), for F/NO = 1, n' » 1 and n = 4: 

NENp 

fL = 4,00 

NM p 

For this term, n' - 1 because, in general, both an order filter and an 
immersion lens cannot be placed ahead of the detector without interfering 
with adjacent channel ray bundles. Combining ratios for the first three 
terms of Eq 3-40, for the three grating configurations: 




i 




nenVnen 


Grating Configuration 

CH With 
Immersion I,ens 

CH Without 
Immersion Lens 

1 

11.08 

2.77 

2 

5.08 

1.27 

3 

5.54 

1.39 


For the fourth term (Eq 3.40), in the limits 

• For PC detector limited channels, D* = D*"* 


• For background limited detector channels, D* > d*" 

Grating configuration (1) is a practical one, in terms of instrument build- 
ability. Configuration (2) presents difficulties in terms of scan mirror 
size, introduction of the foreoptics ray bundle into the spectrometer, 
spectrometer size, and reflected stray light from the image plane within 
the system. Configuration (3) represents a hybrid ratio. 

— — 7 txxu .*, giUauAuii waxen re-inages me exit slit, 

onto the detector (Eq 3-39) the immersion lens can be used. Conceptually, 

°5‘ Bq 3 ~ 3 ? J C ° Uld h® less than ^ity, and the NEN performance 
° ^ i^ ra ^ on . ? 3uld ^ at °- t-h© field lens configuration. It 

wouM be difficult, if not impossible, however, to use this configuration 
for the multidetector AMTS image plane. 


> For an instrument configuration using the detector in the focal 
plane, variation in detector responsivity over the area of the detector can 
result m radiometric errors when viewing a scene having nonuniform radiant 

f Ta ^ n ^ e ,°!f r ^areaof the P ixel - Placing the order filter very close 
to the detector, which is a necessity in the configuration of Fig 3-23a, 
could result m degradation of the effective out of band rejection of the 
order filter due to the "Stiervalt effect" (Ref 3-2). (Stierwalt has 
reported — m other communications — that the effect is very much reduced 
when the detector is placed seme distance beyond the order fil ter . ) 


With the grating to collimator distances reduced to zero, the 
grating spectrometer configuration of Fig 3-1 is equivalent to a configura- 
tion using a concave spherical grating. The NEN parametric equations — 
3.10, 3.38 and 3.39 — apply to such configurations. The difficulty of 
ruling a steep grating upon a concave substate and the astigmatic focus of 
a concave grating on the Rowland circle limit its utility for the AMTS. 

The astigmatic line length 


SL = L cos 3 


sin 2 a 
cos o 


+ 


sin 2 3 


cos 3 


(3-41) 
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where 


i * astigmatic line length 

L * grating groove length (or height of the grating) 
a * incident angle 
3 * diffraction angle 

An imaging instrument like the AMTS, for exartple, would require a colli- 
mator F/NO greater than 12 for incident and diffraction angles in the 
range of 5 to 10 degrees. 

Hyper immersion of the detector has been considered as a possible 
means of increasing optical convergence. Ray trace analysis showed that, 
for an immersion cement index of refraction of 1.5, total reflection was a 
problem at the immersion lens/detector interface. Hyperimmersion could be 
used by increasing the f/NO of the field lens, but this results in no 
improvement in optical convergence over that of the hemispheric immersion 
lens in combination with the F/l field lens. 

In summary, the generalized grating configurations of Fig 3—1 
and 3-23, using plane and concave gratings, is believed to represent the^ 
general set of configurations of possible interest for the ANTIS application. 
The configuration of Fig 3—1, using steep echelle gratings, offers the best 
NEN performance by some margin. 

3.1.4 Optical Performance 


Slit function considerations (Para 3. 1.1. 5) rather than minimum 
overall geometric point spread considerations govern optimization of the 
instrument optics. The inlet slit array lies on the image surface of the 
foreoptics telescope. For the Baseline V altitude and spatial resolution, 
it is possible to place all exit slit arrays on a single cylinderical image 
surface. Conceptually, it would have been possible to refocus the individual 
exit slits to compensate for the chromatic effects of the KBr compensator 
lens. In the interest of buildability of the image surface mask . assembly. 
Baseline V was focused for Channel 10— -which has the widest collimated ray 
bundle along the spectral axis— 'and the other channels were not refocused. 
Optical dimensions for the Schwarzschild telescope and Bouwers collimator are 
listed in Table 3-12. 

Ray trace dot diagrams at the inlet slit array for the tele- 
scope when traced from the object surface to the inlet slit, and at the 
image plane array for the spectrometer when traced from inlet slit to exit 
slit, are shown in Fig 3-24. Relative point spread energy distributions 
due to geometric aberrations are plotted in Fig 3-25 for the spectral axis 
and in Fig 3-26 for the spatial axis. Ratios of slit dimension to main 
lobe point spread distributions for geometric aberrations and aperture 
diffraction point spreads are listed in Table 3-13, 
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Table 3-12 Monocentric optics radii from centers of curvature 


Parameter 

Value 


Sdwarzschild telescope 

Image surface 

189.26 mn 


Primary mirror 

232.10 mm 


Secondary mirror 

600.00 nin 


Bouwers -collimator 

Inlet slit 1 

601.20 mm 


Exit slit 1 / 2 

600.54 mm 


Conpensator lens ID 

453.37 mm 


Compensator lens CO 

540.00 mn 


Mirror 

1294.90 mn 


2 To center of slit array 
Includes (germanium) order filter substrate 

0.5 mn thick 





Figure 3-24 Dot diagrams vs field position — on axis, +/- full field, 
and 0.6 field points — of the inlet slit array. Reference 
squares are 200 ip per side. 
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TELESCOPE 


_400 M m 




SPECTROMETER CH-10 


CODE 


FOB 

FULL FIELD 
ON AXIS 
FULL FIELD 
0.6 FIELD 
0.6 FIELD 


SPECTROMETER CH-13 


400 nm -400 nm 


SPECTROMETER CH-20 


Figure 3-26 Relative point spread energy distribution along the spatial 
axis. (Note expanded scale for telescope.) 





Table 3-13 


^^ff? en3ion J to P° 3 -nt spread ratios for geometric 
aberrations and aperture diffraction for foreoptics 
and spectrometer optics roreoptics 



Spectral Axis 

Spatial Axis 

OX XT- 

Width 

(mm) 

silt Width to 
Point Spread Ratio 

Slit ' 
Height 

(nro,!' 

Slit Height to 
Point Spread 

^ecnv- 

Dlff- 6 

Georn 1 

Diff'J 

Foreoptics 

2.272 

379 

13/463 

1.590 

227 

9/293 

Spectraneter 







CH 10 

1.045 

16 

13 

1.590 

10 

9 

CH 13 

1.659 

47 

28 

1.590 

10 

16 

CH 20 

2,221 

RQ 

W/ 

60 

1.590 

10 

29 


W ZiSt^r^ 5 ° f geanetric P° int spread 

3 Por CH^O/CH^O d f l0n enSrgy dlstribu tion within first nulls 


Geometric aberrations of the Schwarzsdhild telescope are much 
smaller than the aperture diffraction point spread. Sane variation in the 
geometric point spread distribution of the telescope as a function of field 
angle occurs because the image of the instrument pupil — the grating — does 
not lie at the center of curvature of the Sdiwarzschild, but, the effect is 
so small that it is of little consequence for AMTS. Geometric aberrations 
for the spectrometer are effectively equal to or less than the diffraction 
point spread along the spectral axis, but are equal to or greater than the 
diffraction point spread along the spatial axis. In terms of AMTS require- 
ments this nominal Baseline V optical aberration performance appears to 
be quite good. (This issue is examined further in Section 4.) 

Geometric aberrations of the germanium single element F/l 
field lenses result in seme nonuniformity of energy density near the 
edges of the reflected pupil (the grating image). Consequently, linear 
dimensions of the Baseline V detectors are specified as 93 percent of the 
dimensions of the grating image. The net loss in Afi is thus 14 percent, 
but the increase in /a^/ao — and in NEN — is only seven percent. 

IR channel grating orders and estimated grating efficiencies 
are listed in Table 3-9. The use of multiple grating orders is necessary 
to fit the AMI'S channel set within an acceptable range of diffraction 
angles. Channels 19 through 24 must be used in alternate adjacent orders 
to spatially fit them within the image plane. For a given set of grating 
incident and diffraction angles, both the blaze and the antiblaze grating 
angles must be adjusted to effectively balance relative grating efficiency 
between the individual channels. 

i 

For this Baseline V study a dual-vector grating efficiency model 
was used to specify grating blaze and antiblaze angles and to calculate 
relative grating efficiencies for AMI'S grating incident and diffraction 
angles (Appendix C). Calculated relative efficiencies for the AMTS 
channel set for three antiblaze angles are listed in Table 3-14. This 
scalar grating efficiency model tells us nothing about grating polarization 
sensitivity (Para 3. 1.1. 2). In addition, it appears that for an R2 grating 
this model does not give useful results below about the sixth order. It 
appears that, for these low orders, the peak measured grating efficiency 
near Littrcw is less than calculated, but that the angular width of the 
power mode tends to be greater than calculated. For the eighth through the 
thirteenth orders it appears that the model gives useful results (even 
though the grating is still not operating in the true scalar region) and 
tliat the measured angular pewer mode is greater than calculated. Consequent- 
ly, for the Baseline V estimated grating efficiencies listed in Table 3-9, 
grating efficiencies for all channels for the third through the sixth order 
were assumed to be 40 percent, and calculated efficiencies W&re assumed for 
all channels in the 8th through the 13th orders. This is believed to be a 
conservative approach. 

Measured efficiencies for R2 gratings under near-Littrcw con- 
ditions show very high polarization sensitivity for the lower orders. Sig- 
nificant polarization sensitivity exists through the 13th order. For the 
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AMTS grating angles, polarization effects will probably be greater than 
those observed under near-Littrow conditions. Ultimately, the AMTS grating 
will have to be specified by testing a series of sample gratings, including 
polarization effects, under AMTS orders and angular operating conditions. 

We have procured several very clean micromachined sanple gratings as a part 
of this study. Resources required to test these gratings under AMTS condi- 
tions, however, were not available. 

Calculated grating efficiency as a function of grating angle 
is listed in Table 3-15 for the AMTS spectral alignment channels. For 
these high orders the grating is operated in the scalar region, and the 
grating efficiency model should give good results. 

Baseline V optical transmissivities cannon to all channels are 
listed in Table 3-16. Baseline V spectrometer overall optical transmis- 
sivities are summarized in Table 3-17. 

3.2 Mechanisms 

3.2.1 Optical Chopper 

The chopper wheel is located on the foreoptics side of the 
torodial inlet slit mask;. It consists of a segment of a sphere spaced 
about 0.25 nm frem the inlet slit mask along the length of the signal channel 
inlet slit array. Inlet slit jaws and chopper blades are tapered so that 
the flat sides of the slit jaws and chopper blades face each other. The 
axis of rotation of the chopper wheel passes through the center of curvature 
of the monocentric foreoptics. The wheel chops along the length of the 
inlet slit array (Fig 3-21). The chopper wheel configuration is shown in 
Fig 3-27. Reference signals for signal channel demodulation are derived 
from an optical source and reference detector array. This optical source 
is chopped by the optical chopper. Chopper wheel parameters are listed in 
Table 3-18, and chopper motor characteristics are listed in Table 3-19. 

The face of the chopper Wheel which is viewed by the spectro- 
meter through the inlet slit array is a black emissive surface. The remain- 
der of the wheel, front and back, can be reflective if required for thermal 
control. Temperature variations of the emissive surface of the chopper 
wheel must be extremely small over any 24 sec line scan interval. Within 
these limits, a linear thermal ramp variation is permitted over any 10 min 
radiometric calibration interval. Tenperature of the wheel must always be 
less than the coldest scene or calibration target, A. primary source of back- 
ground photon flux from within the cold optics conpartment is the entrance 
slit mask. This may place an additional constraint on the maximum permitted 
tenperature of the chopper wheel. Estimated chopper wheel thermal control 
requirements are: 


Chopper wheel temperature 


<180 K 








Table 3-14 Calculated Baseline V grating efficiencies 


CH 

m 

Rel. Eff. (%) 

vs Antiblaze Angle 

8° 

<{>=34 0 

<j>=41° 

<f,=42° 

1 

3 

61.137 

68.8 

45.2 

41.0 

2 

3 

55.923 

56.1 

49.7 

62.9 

3 

3 

54.616 

51.5 

78.3 

70.9 

4 

3 

52.868 

45.6 

86.1 

81.5 

5 

3 

49.827 

37.2 

81.9 

88.8 

6 

3 

48.060 

33.7 

69.5 

80.6 

7 

3 

45.677 

30.5 

51.3 

61.3 

8 

3 

45.413 

30.3 

49.5 

59.2 

9 

3 

45.150 

30.1 

47.8 

57.1 

10 

3 

44.890 

30.0 

46.1 

55.0 


11 

4 

47.649 

30.6 

37.1 

41.3 

12 

5 

55.519 

31.5 

43.0 

45.2 

13 

6 

58.137 

42.8 

44.7 

49.4 

14 

8 

57.248 

54.7 

50.8 

51.7 

15 

8 

52.024 

71.3 

59.8 

56.3 


16 

9 

59.027 

55.1 

48.4 

48.6 

17 

9 

57.802 

52.5 

50.2 

50.0 

18 

9 

50.596 

52.6 

49.0 

47.2 


19 

11 

48.997 

34.4 

41.9 

40.9 

no 

12 

65.177 

33.8 

40.9 

40.1 

21 

11 

48.737 

34.2 

41.2 

40.4 

22 

12 

64.747 

35.5 

42.4 

41.7 

23 

11 

48.482 

34.2 

40.4 

39.9 

24 

12 

64.304 

37.5 

43.7 

43,4 

25 

12 

61.478 

53.4 

49.0 

51.1 

26 

12 

55.050 

52.0 

50.0 

49.2 

27 

13 

62.283 

51.4 

45.9 

47.9 

28 

13 

56.918 

51.3 

50.9 

50.3 

a 

(Incident angle) =71° 




<f> (Blaze angle) =64° 





Table 3-15 Calculated relative grating efficiency vs 

grating angle for spectral alignment channels 


CH SI 


CH S2 


Rel Eff 

«(°) 3(°) (%) 


Rel Eff 

«(°) 3 (°) (%) 


77.6 

47.2359 

77.7 

47.2044 

77.8 

47.1732 

77.9 

47.1422 

78.0 

47.1116 

78.1 

47.0811 

78.2 

47.0510 

78.3 

47.0211 

78.4 

46.9915 

78.5 


78.6 

46.9331 


15.58 

67.4 

16.10 

67.5 

16.63 

67.6 

17.19 

67.7 

17.78 

67.8 

18.39 

67.9 

18.99 

68.0 

19.55 

68.1 

20.05 

68.2 

20.48 

68.3 

20.84 

68.4 


60.1995 

73.87 

60.1224 

73.60 

60.0459 

73.28 

59.5698 

72.89 

59.8942 

72.48 

59.8191 

72.08 

59.7445 

71.68 

59.6704 

71.28 

59.5968 

70.89 

59.5237 

70 ,.54 

59.4510 

70.20 


Table 3-16 Baseline V spectrometer common element optical transmissivi es 


Transmissivity, y 


"Common Elements" 

CH 1 - 11 

CH 12 - 28 

Scan mirror 

0.98 

0.98 

Gas check (KBr 1 pass) 

0.92 

0.92 

Telescope primary 

0.98 

0.98 

Telescope secondary 

0.98 

0.98 

Collimator (1st pass) 

0.98 

0.98 

Corrector lens (1st pass) 

0.92 

0.92 

Grating (mirror loss) 

a r\n 

0.97 



Corrector lens (2nd pass) 

0.92 

0.92 

Collimator (2nd pass) 

0.98 

0.98 

Field lens (coated) 

0.95 

0.95 

Immersion lens (coated) 

0.95 

— 


Total (common) 


0.62 


0.65 




.i 




Tabic 3-17 Baseline V spectrometer overall optical transmissivities 


1 — r 

i i 

i i 

i i 

1 CH | 

1 1 

Relative 

Grating 

Efficiency 

Detector 

Fill 

Factor 

1 

j Transmissivity 

» Y 

~T 

1 

! 

Ctontnon 

Elements 

Order 

Filters 

1 Overall 
1 Instrument 
! 

1 

1 

I 1 
1 l ! 

0.40 

0.86 

0.62 

0.45 

T 

i 0.10 

| 

1 2 | 

0.40 

0.86 

0.62 

0.45 

j 0.10 

I 

1 3 | 

0.40 

0.86 

0.62 

0.45 

! o.io 

| 

j 4 j 

0.40 

0.86 

0.62 

0.45 

! o.io 

| 

1 5 j 

0.40 

0.86 

0.6? 

0.45 

1 0.10 

| 

1 6 j 

0.40 

0.86 

0.62 

0.50 

1 0.11 

| 

1 7 j 

0.40 

0.86 

0.62 

0.50 

i o.n 

| 

1 8 | 

0.40 

0.86 

0.62 

0.50 

0.11 

I 

1 9 j 

0.40 

0.86 

0.62 

0.50 

! o.n 

| 

! 10 I 
| j 

0.40 

0.86 

0.62 

0.50 

0.11 

1 

1 11 1 

0.40 

0.86 

0.62 

0.60 

i 

0.13 

1 

I 

1 12 j 

0.40 

0.86 

0.65 

0.60 

0.13 

| 

1 13 | 
1 1 

0.40 

0.86 

0.65 

0.60 

0.13 

1 

1 14 | 

0.52 

0.86 

0.65 

0.60 

0.17 

1 

| 

! 15 | 

0.56 

0.86 

0.65 

0.60 

0.19 

! 

1 16 | 

0.49 

0.86 

0.65 

0.60 

0.16 

| 

I 17 j 

0.50 

0.86 

0.65 

0.60 

0.17 

| 

1 18 | 
1 1 

0.47 

0.86 

0.65 

0.60 

0.16 

1 

I 19 | 

0.41 

0.86 

0.65 

0.60 

0.14 

1 

! 

! 20 | 

0.40 

0.86 

0.65 

0.60 

0.13 

| 

1 21 | 

0.40 

0.86 

0.65 

0.60 

0.13 

| 

j 22 j 

0.42 

0.86 

0.65 

0.60 

0.14 

I 

1 23 | 

0.40 

0.86 

0.65 

0.60 

0.13 

I 

1 24 j 

0.43 

0.86 

0.65 

0.60 

0.14 

| 

j 25 j 

0.51 

0.86 

0.65 

0.60 

0.17 

I 

1 26 j 

0.49 

0.86 

0.65 

0.60 

0.16 

| 

1 27 j 

0.48 

0.86 

0.65 

0.60 

0.16 

| 

! 28 j 
1 ! 

0.50 

0.86 

0.65 

0.60 

0.17 

1 

1 




3-94 








Table 3-18 Chopper Wheel parameters 


Parameters 

Value 

Inlet slit mask radius of curvature 


Along spectral axis 

600 mm 

Along spatial axis 

189.26 mm 

Chopper Wheel spherical radius 

189.00 mm 

Overall Wheel radius (projected) 

82 mm 

Inner cog radius 

74.5 nrn 

Distance from center of Wheel 
to center of inlet slit array 

77.3 mm 

Angular cog cycle width (Fig 3-27) 

16.364’ 

Optical cycles per revolution 

22 

Optical chopper frequency 

440 Hz 

Chopper Wheel speed 

1200 rpm 

Speed stability - over any 5 min interval 

0.025% 

Chopper Wheel temperature 

<185 K 

Wheel temperature stability 


Over any 24 sec interval 

+ .01 K 

Nonlinearity over any 10 min interval 

0.135% 

Long term 

+2 K 
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Table 3-19 Chopper motor characteristics 


Parameter 

Type 

No. phases 
Input voltage 
Input frequency 
Input waveform 
Maximum current 
Stall torque 
Speed 
Weight 

Life - continuous 
operation 


Value 

Hysteresis synchronous 
4 

26/32 Vac 
400 Hz 
square wave 
0.5 amp 

36 cm-g (0.5 in-oz) 
1200 ±0.3 rpm 
<*28 g (-10 oz) 

5 years 


Operating temperature 
Bearings 


-18 to 38‘C 

Polyimide, self— lubricating 


• Chopper wheel temperature stability (PP) 

• Over ary 24 sec. interval ±0.01 K 

• Nonlinearity over any 10 min interval 0.135 % 

• Long term ±2 K 

Passive temperature control of the chopper wheel can be achieved by; 

• Thermal isolation of the chopper wheel from the motor shaft 

• Thermal mass of the wheel 

• A reflective surface on the inlet side of the wheel 

• Masking ahead of the wheel with a large thermal mass 

The chopper motor is placed outside the cooled optics compart- 
ment with the motor shaft passing through the compartment wall. A "tur- 
bine" type gas check is used on the motor shaft to inhibit contamination 
fran entering the cooled optics case. This allows additional lubricants 
to be used for quieter motor bearing operation. Motor temperature can be 
controlled separately fran cold case temperature to obtain near optimum 
bearing operating temperatures. 

3.2.2 Spatial Scan Mechanism 

For an 833 km altitude! circular orbit, mean ground velocity of 
the subsatellite point is 6.5812 km/sec. Ebr a mean LEW array length of 
.160 km, total line scan cycle time is 24,3117 sec. The crosstrack scan 
mirror sequence is shown in Fig 3-28. A single line scan views 130 earth 
footprint arrays in a step-and- stare mode. The scan mirror then does a 
fast slew to the first calibration target, followed by a fast slew to the 
second calibration target, followed by a fast slew to the start of the next 
line scan position. Dwell times for each earth target and for each cali- 
bration target are identical. In addition, all fast slew angles and times 
are identical. 

The rotating 45 degree plane scan mirror is a lightweight 
beryllium structure. The mirror is contained within a combination light 
shield and cylindrical thermal shield which rotates with the mirror. The 
mirror assembly is driven by a permanent magnet stepper motor through a 60:1 
reduction gear drive. During each earth scan sequence step the motor is 
driven through 11 motor steps at a rate of 500 steps /sec. For the three 
fast slew sequences the motor step rate is ramped-up and ramped-down at 
an average rate of 1000 steps/sec. 

Table 3-20 gives the mechanical specifications and performance 
of the scan system. The power dissipated is by the actuator and encoder 
only, not including any control electronics . The position tolerance and 


COLD CAL 
TARGET 


HOT CAL 
TARGET 



SCAN SEQUENCE 

• START OF LINE SCAN 

• 129 STEPS OF 0.6875° /STEP 

STEP TIME ■ 0.0245 sec/STEP 
DWELL TIME = 0. 1273 sec/DWELL 

• SLEW TO HOT CAL TARGET 

SLEW TIME = 1 .4492 sac 
DWELL TIME =0.1273 sec 

• SLEW TO COLD CAL TARGET 

SLEW TIME » 1.4492 sec 
DWELL TIME = 0.1273 sec 

• SL4W TO START OF LINE SCAN 

SLEW TIME = 1.4492 sec 


DURATION 


19.7095 sec 


1 .5765 sec 


1 .5765 sec 


1 .4492 sec 


TOTAL CYCLE TIME - 24.31 17 sec 


Figure 3-28 Crosstrack scan mirror sequence 
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initial overshoot should be considered absolute maximums, while the posi- 
tion knowledge can be as gross or fine as necessary. Assumed here is a 
0.5 knowledge encoder integral with the actuator and fixed to the rrotor 
shaft for finer resolution on the output. The actual mirror position 
knowledge would be a slightly greater value due to compliance in the har- 
monic gear drive. The settling time for the system is not given since it 
depends greatly on the specific motor and control electronics used (for 
electronic danping) and the amount of friction in the system. However, 
seme danping is inherent in permanent magnet stepper motors, and electronic 
danping would be built into the control electronics. Figure 3-29 shows the 
conceptual design of the scan mirror assembly. The entire scan system is 
held by a mounting plate which supports the actuator and the rotating 
light shield and mirror. The light baffle allows the bearing support 
structure to penetrate close to the C.G. of the moving mass. Not shown 
is the integral encoder, which would increase the 75 nm reference dimen- 
sion to approximately 120 mm. The permanent magnet actuator allows unen- 
ergized dwell positioning during testing. The encoder allows absolute 
position knowledge without counting steps or using feedback control, plus 
the necessary position knowledge after launch but before sequencing. 

3.2.3 Grating Mount 

Grating angle sensitivity corresponding to channel frequency 
knowledge requirements, channel frequency setability requirements, and to 
twice the specified channel half-power bandwidth are listed in Table 3-21 
for the two end channels — 10 and 20— and for an intermediate channel — 13. 

The grating mount will include a mechanism which, in response to ground 
carrmands, will: 

• Move the grating angle a specified number of steps to cor- 
rect for channel frequency error. 

• Rock the grating over a specified angular range in accor- 
dance with an on-board program to update calibration of the 
spectral monitoring circuit. 

This mechanism will have the capability of chancing the grating angle in 
5 arc-sec increments over a total range of 150 increments. A telemetry 
sensor will indicate the grating actuator position in terms of step num- 
ber. The mechanism controlling grating angle must not creep between com- 
mand events which will probably be very infrequent. It will, probably be 
necessary to cage the grating mount assembly during launch of the satellite. 

. A detailed conceptual design of this mechanism was not undertaken, 
since it is expected that it will not present any special design difficulty. 

3.2.4 Cooler Cover 


. ^ mechanism is required which is capable of repeatedly activat- 

ing a roller-shade type radiative cooler cover upon ground corrmand (Para 
3 * 3 * 6) : A detailed conceptual design, for this mechanism was not 

difficulty* ^ 1S expectec3 that ^ will not present any special design 


3-100 








Table 3-20 AMTS scan mirror system parameters 


Parameter 

Value 


Total moving mass 

1.64 kg 

(3.61 lbs) 

Moment of inertia 

.024 kg-m 2 

(82.27 lb-in 2 ) 

Total nonmoving mass 

1.48 kg 

(3.26 lbs) 

Power dissipated (incl. encoder) 

7 watts 


Motor step size 

3.75° 

(65.45 mrad) 

Actuator output step size 

.0625° 

(12.00 mrad) 

Position tolerance (noncumulative) 

<.012° 

(.20 mrad) 

Mirror position knowledge 

(1/2° knowledge encoder on motor shaft ) 

±,008° 

(±.15 mrad) 

Ringing (initial overshoot) 

<.012° 

or less than 3.5% 
of dwell step 

(.20 mrad) 


Natural ringing frequency of system 


18.9 Hz 


r* 


3.3.1 


^§ggg?l-y Packaging, Cooling, and Contamination Control 
Package Description 


Fia 3-30 (Da^ e 3 B ?n^ ine Ji C ^i° S 9ssefTlbl7 Package layout is shown in 
^to^led^n 3 7fin ? 2\ M ° ptXCal ccrr P onents are contained in a ccnpart- 
^^f°° led t0 " 16 ° K to control, background flux upon the short wavelenafh 
detectors. Ttoe detector cryostat is contained within Sis Sd SJmSII. 
^rtroent. Design tenperature for the cryostat is 75 K to inprave^D* performance 

deteCt ° ra - -ierTLTu sea^^ 

single stage case cooler is thermally and mechanically coupled 

tor^SLSis Ji 0p ^ cs C f Se * first stage of a three stage detS 

tor cooler is also thermally and mechanically coupled directly to the cooled 

°\ se ’ The cold sta ge of the detector cooler is thermally coupled 
to the detector cryostat via a heat pipe. A single bend toSh? heS pSe 
allows the instrument to be orient el so that this heat pipe lies in a P ^ 
horizontal plane. This allows testing the radiative cooler and ; nqfmmanf 

a th ® r ™? 1 test chanter within the earth's gravitationS'field 
Sun shields are designed so that direct sunlight never falS SSSn S2 
aperture of the radiative cooler. fSun ar^i for th~ n-._ (=> i • _ , T _ , . . 

radiation from the earth does not fall upon the cooler emissive surfaces 
Padiati on fron the earth that falls upon the specular sSSST of tte 

StiS cSs5 e JiS Ct ? d +-^ Ut °f' th ® oooler aperture. Outer surfaces of the 
optics case and of the radiative cooler are thermally insulated with MLI. 

spectrorteter^Sr^na 0 !^ 0386 ?° ntainin 9 the detector cryostat, the 
pectrometer optics, and the foreoptics telescope is effectively sealed to 

Sse r is SSSSd^feSS th, the C ° ld CrYOStat optic*- This portion of the 
ase is isolated from the scan mirror compartment. The optical rav bundle 

parSntirpm^iSd T ° Utgassing P 01 * for this sealed oath- ' 

partment is provided through the tunnel through Which the heat pipe enters 

the ccrrpartinent. When the instrument is cooled down, the cold heat pipe 

tunnel assembly constitutes a cold trap for external o^^San^T Sf 

^^ously, is located outside the sealed 
compartment in a well Which projects into the sealed compartment Gon- 

tTbHLdS? a^uSine^t^ CaT ^ >artraent al °^ the c^S^Stor shaft 
137 * turbine type noncontacting gas check. Isolation of 

tion^JftSe 2^5 ? e . C 2 ld °Pt ics compartment removes the major por- 
SnLof ? l0 f fran thG 0986 cooler ' «* al -l^ terrpiatSre 

The Sati^ f 8 m ° t0r to ^ cptiMzed for bearing life, 

me grating angle activator is operated intermittently and infrequentlv 

SS^prSlm ^ ^ PrSSent 8 S8ri0US themal « =ontaminS?on y ' 

mi v , w .. 7116 BGan ^ Lrror cempartment contains the rotating 45° scan 

ks^lv SOC in j Lght “* thermal shield ' “Jd its drive 

moror assembly. _ In addition, this conpartment contains the two radio- 

SSs^e tSnperatu res of both the hot and cold 

targets are above the ambient tenperature of the scan mirror conpartment. 
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Table 3-21 Grating angle sensitivity corresponding to channel 
frequency knowledge, channel frequency setability, 
and twice channel bandwidth requirements 


Parameter Angle Sensitivity ~A 


Channel 10 






• Knowledge 

0.00140° 

5. 

,04 

arc 

sec 

• Setability 

0.00685° 

24. 

,66 

arc 

sec 

• 2 Au(cm -1 ) 

0.13620° 

490. 

,32 

arc 

sec 

Channel 13 






• Knowledge 

0.00182° 

6. 

,55 

arc 

sec 

• Setability 

0.00905° 

32. 

,58 

arc 

sec 

• 2 Au(cm*" 1 ) 

0.19480“ 

701. 

,28 

arc 

sec 

Channel 20 






• Knowledge 

0.00210° 

7. 

.56 

arc 

sec 

• Setability 

0.01070° 

38. 

,52 

arc 

sec 

• 2 Au(cm _1 ) 

0.23720“ 

853. 

.92 

arc 

sec 


sin ( a + A) + sin ( 0 + A) v 


sin a + sin 0 v - AV* 

Av' = frequency increment of interest 
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The calibration targets are thermally insulated, and their internal tem- 
perature is controlled by heaters located within their thermal envelopes. 

The scan activator assembly temperature can be effectively controlled by 
thermal isolation from the cold case and through thermal coupling to an 
exterior, uninsulated surface. %to sun shields are provided to prevent 
direct sunlight from falling within the rotating light shield of the scan 
mirror (Appendix E). 

A roller-shade-type thermal cover for the cooler aperture, 
actuated by ground command, is provided to prevent cool down of the instru- 
ment during an initial on-orbit decontamination interval and during possi- 
ble subsequent decontamination intervals. The cooler cover is not pictured 
in Fig 3-30. Also not pictured are the thermal isolation mounts re- 
quired to mount the optics case assembly to the spacecraft. 

3.3.2 Detector Cryostat Assembly 

A layout for the detector cryostat and heat pipe assembly is 
shown in Fig 3-31. The cryostat consists of a cryostat case operating at 
the temperature of the cold optics case, an intermediate reflective thermal 
shield supported within the cryostat case by thermal isolation supports, 
and a detector box assembly positioned within the intermediate shield and 
supported from the cryostat case by thermal isolation support bands. The 
detector box assembly is thermally coupled to the detector cooler heat pipe 
cold sink via flexible heat straps. Active heaters (not shewn in Fig 3-31) 
within the detector box assembly control detector temperature. The tempera- 
ture of the intermediate thermal shield is allowed to float. Detector pre- 
amplifiers are located on a preanplifier board which is mounted on the back 
of the cryostat case. Preamplifiers operate at the cold case temperature 
of 160 K. The preamplifier board is electrically interconnected with the 
detectors within the detector box assembly via high thermal impedance 
conductor assemblies. The front surface of the image plane mask between 
order filter assemblies is thermally reflective to reduce optical port 
thermal loading upon the detector cryostat. To reduce heat flew into the 
cryostat, the inner and outer surfaces of the cryostat case, the intermedi- 
ate thermal shield, and the outer surface of the detector box are thermally 
reflective. The detector lead conduit assenbly and the back surface of the 
preamp board are also thermally reflective. Detector lead conduits are 
thermally connected to the detector box only at the detector mounting 
plate. 


The detector cryostat assenbly is designed to be assembled, 
aligned, and bench tested as a unit apart from the optics assenbly. 

Prior to installation of the heat pipe, the cryostat assenbly would be 
installed within the optical bench of the optics assenbly. It would be 
aligned as a unit as a part of overall optical assenbly alignment. Access 
covers in the bottom of the optics case, the cryostat case, and the inter- 
mediate thermal shield provide access for installation of the heat pipe. 

The heat pipe from the detector cooler cold stage passes 
through a dual wall tunnel to enter the detector cryostat. The outer wall 
of this tunnel is sealed against the outer wall of the optics case and 
operates at case temperature. There is no mechanical contact between the 


and of the outer tunnel wall and the cryostat case. The inner wall of the 
tunnel is thermally coupled to the intermediate stage of the detector 
cooler. It passes through the outer tunnel to the intermediate thermal 
shield of the cryostat, but does not make contact with the cryostat. A 
gas check is used between inner and outer tunnel walls to prevent contamin- 
ant flow into the cooled optics case. The heat pipe is thermally coupled 
to the cold stage of the detector cooler and passes through the inner tunnel. 
The heat pipe is thermally coupled to the detector box assembly through heat 
straps distributed along the length of the heat pipe within the detector 
cryostat. All surfaces of the heat pipe and heat pipe tunnel assemblies 
within the cold optics case are thermally reflective. The heat pipe is 
supported by its attachment to the detector cooler cold stage and by thermal 
isolation support bands within the detector cryostat. The space between the 
inner tunnel wall and the heat pipe forms the outgas3ing port for the sealed 
portion of the cold optics case, and is a cold trap for contaminants enter- 
ing this cold optics compartment. 

The individual discrete detectors on their substrates are mount- 
ed upon a thermally stable detector mounting plate. Immersion lenses, 
where used, are mounted upon the detector and its substrate. The image 
plane mask is mounted ahead of the detectors. The field lenses cire mounted 
upon the back of the image plane mask. (If necessary, stray light shields 
could be mounted upon the back of the image plane mask to enclose each 
individual field lens, immersion lens, and detector assembly. ) 

A twisted pair of 36 gauge lew thermal conductance manganin wires 
is used to connect each detector with its preamplifier, which is located out- 
side the detector cryostat. An individual tubular conduit having an outside 
diameter of 1.0 rrm is used to shield and support each pair of manganin conduc- 
tors. These conduits are formed of 0.025 mm (0.001 in.) thick titanium foil 
and have very lew thermal conductance. The end of each conduit fits within 
a hole in the detector mounting plate. From the detector substrate the 
manganin leads pass through the detector mounting plate and conduit, through 
ports in the intermediate thermal shield and outer case of the detector 
cryostat, and through the preamplifer support board. (An alternate design 
approach would use very low thermal conductance kapton substrate ribbon 
conductors between the detector mounting plate and the detector preamplifiers. 
This approach may offer thermal and cost advantages. Issues of possible 
EMI and repair accessibility would have to be considered.) 

The detector cryostat is designed to allow access to the de- 
tector assembly for repiir purposes once the cryostat assembly has been re- 
moved from the optics case. After removal of front plates frem the outer 
case and from the intermediate shield of the cryostat, the image plane 
mask can be removed to allow access to the detectors mounted upon the de- 
tector plate. Alignment pins are used to maintain repeatable alignment 
between the image plane mask and the detector assembly. 

The spatial discriminator array detectors are mounted upon the 
image plane mask, and their relative positions with respect to the IR 
channel slits are accurately mapped. Signal leads from these detectors can 
leave the image plane mask via a hinge joint to allow displacement of the 
mask for repair purposes. 
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75 K 


0.05 K 
1.67 % 
±2 R 


Estimated joule heat loading within the detector cryostat 
apart fran the thermal control heaters— isi 

• pc detector bias (176 detectors) 0.0367 W 

Estimated cryostat thermal control requirements are: 

• Detector temperature (nominal) 

• Detector temperature stability (PP) 

• Over any 24 sec interval . 

• Nonlinearity over any 10 minute interva 

• long term 

It is not 

tor e t^ratu?e°Srlation8 will.: S T" 
variations could require excessive dynamic range m tne signax 

electronics . 

3.3.3 Radiometric Calibration Targets 

The two calibration targets are a matched P^-r. as far as aeir 
emitter surfaces, thermal baseplates, and S ®310 K, 

mg alignment are ™ech 

the cold target runs at -200 K. The absolut ^per taiporal 

these targets are not particularly <^U ^1 but^spatial 
constancy of these tssperatures wactxoiigy oritma ^ gia £ r 9 £ ^ 
sist of thick copper baseplates, both ______ ce riular struc- 

gets. Ss 4SST Torperature sSSSs and heater eluents 

STSSto plates. 

Over-damped, proportionally conr.xu reference zone temperature, 

to control zone temperatures relativ ~~~ wi 11 be adjusted to maintain 

The effective radiance from the calibration target consists of 

the rneraml macSf radiance S ^ 

body surface from external sources in thi Radiometric 

blaCkbody target -dft-tt ^^"eSSv^Ji^^ini^" 
SrS^S^^tc^rgft^SsSnt cver'me 
S tS It also reguires a constant 

calibration target. It £ ae ^ttcm and that the temperature 

target be constant and close „^M. y rOT ain relatively 
of the scan mirror and its shield ana oarxxe aasncu^ 7 

constant. 


3-111 


A cylindrical reflective thermal shield surrounds the scan 
mirror assembly and rotates with it. This shield minimizes variations in 
the temperature of the scan case— and scan mirror— due to variations in earth 
thermal radiation and albedo. It also stabilizes the calibration target 
effective surface temperature by minimizing radiative transfer between the 
target surfaces and the scan case components and the earth. Calibration 
target parameters and thermal requirements are listed in Table 3-22. 

3.3.4 Optical Components 

Ail mirror surfaces and the diffraction grating surface would 
be gold coated to maximize overall instrument optical transmissivity. The 
scan mirror would be a lightweight beryllium structure in order to min- 
imize the moment of inertia of the scan assembly. For purposes of instru- 
ment weight estimates, all fixed mirrors are assumed to be machined bery- 
llium assemblies. (Lightweight glass mirrors could also be used, and nay 
be desirable in terms of cost and optical performance.) 

The diffraction grating would be replicated onto a thermally 
stable "cer-vit" substrate. The grating would be ruled to have the design 
groove spacing at nominal case operating temperature. 

The inlet slit mash and the image plane mash would use hovar 
from a selected heat which has a linear thermal coefficient of contraction 
down to 70 K. These mashs would be etched to have the correct relative 
slit positions at their nominal design operating temperatures. 

Sharp cutoff multilayer interference filters on a 0.635 xm 
(0.025 in.) thich germanium substrate would be used for the order filters. 
Since these filters are mounted flat against the front surface of the image 
plane mash, the center rays of the off axis converging ray bundles impinge 
upon the filters at an incident angle of 16.5 degrees. These ray angles 
must be tahen into account when specifying filter spectral response require- 
ments. Individual filters for each array element can be cut to sia&e with a 
tolerance of +0.025 itm (±0.001 in.). In addition, guard bands 04.27 mm 
(0.005 in.) wide for the long wavelength filters and 0.076 mu (0.003 in.) 
wide for the short wavelength filters must be provided along all filter 
edges to stay clear of cutting damage to the filter coatings. These filter 
tolerances place a lower limit upon the inlet slit array premash widths 
between array elements. 

Germanium field lenses and (where used) germanium immersion 
lenses would be AR coated for the appropriate channel wavelength. At the 
immersion interface, both the immersion lens and the detector surface coat- 
ings should be designed to minimize reflections for the particular index 
(=1.5) of the immersion cement used. Incident ray angles upon the detec- 
tor are minimized by using large immersion lens radii. 

Because of the 4.5:1 wavelength range in the ray bundles inci- 
dent upon the KBr corrector lens aid gas Chech, these elements would not 
be coated. This will necessitate a humidity controlled environment for the 
instrument when it is within the earth’s atmosphere. It is assumed that the 
corrector lens would be forged from a blank: of KBr, primarily to obtain the 
improved mechanical properties that forging imparts to this material. 
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Table 3-22 Baseline V calibration target parameters 
and thermal requirements 



aqilglgi 


Parameter 

Value 

Inside diameter 

Inside length (over scan cylinder) 
Honeycomb depth (sides) 

Honeycomb depth ^bottom) 

252 mm 
173 itm 
13.5 nm 
13.5 mm 

Baseplate thickness (sides) 
Baseplate thickness (bottom) 
Insulation thickness 

6.5 nm 

9.5 nm 
(as required) 

Estimated (thermal) emissivity 

0.998 

Temperature uniformity, PP (bottom) 
Temperature stabilty, PP (bottom) 
Temperature uniformity, PP (sides) 
Temperature stability, PP (sides) 

±0.10 K 
±0.05 K 
(TBO) K 
(TBD) k 

Temperature stabilty of scan mirror/shield 
assembly, PP (for assumed nominal tempera- 
ture of »180 K) 


Over any 24 sec interval 
Nonlinearity over any 10 min interval 
Long term 

(tbd) k 

(TBD) % 
±5 K 
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. ... , For tJle Purpose of instrument weight estimates a t*rin- 

ryllium structure was assumed for the optical bench o+-v>g*> } 

SSafS ^ «■*«* reSrSenS^L STus^^f ' “ 

Sions of^iS e^t^StSSnc^ 

SoS^e 1 ^TltaZfir SKM £S S“ 

^formnce to A preliminary look at 

tkat optical ton* r^ire^e fo/^nt&^Stlv^X 


3.3.5 


Radiative Cooler 


as 2 SSSr^SS.-"* 

arsaa sraS£“3Ts a ' r ' “ 

3 . 3 . 5 . 1 optics Case/Scan Mirror Compartment Cooling 

sr^; i \rS?? - 

t$ of the ^t£rSe"f“ ?adS«Sf ttan ^ b J adt Usln 9 «* en2?e 

radiator area of 26,100 on 2 . vaults m an optics case effective 

-"sas srs xs:i: 

E ?S5^j? ■g?£«S£ ^EE? >^7S3S? , ;« 
ssSion of 3 ^.? !3 ^ e °^ !3o > ~ «»3™5Ms !T 

in IOHARP (Lockheed Orbital h^T^ 61 ? 903 ^x 16 outside surfaces were used 

bS^ SSt™? s~S M oSLS-S^j S2 ge 

in Table 3-23. s to the optics case/scan mirror radiator are listed 

160 K. The entire^SfacrS the SSL°£aW 0386 design temperature of 
all canponents thermallv 2? .° ptlcs cas e/scan mirror corpartment and 
atur^^ assume ? to be. at the same temper- 

controlled equilibrium temperature of^lSR !? a ® e / scan rnirror predicts an un- 
tance of 0.85. This emittance value may ^asily^^Meved^S^a 2££l e 
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Table 3-23 Heat loads to optics case/scan mirror radiator 1 


Source 

Heat Load (W) 

1. Solar, albedo, planetshine transmitted 

29.6 

through MLI (orbit average) 


2. Calibration targets 

4.2 

3. Scan mirror motor 

7.0 

4. Chopper motor 

5.0 

5. Detector preamplifiers 

5.0 

6. Cable conduction from spacecraft 

13.3 

7. Support conduction from spacecraft 

1.23 

a. Kadiation rrum upau-Bui.aj.t. 

5.0 

9. Albedo, planetshine transmitted 

6.12 

through optics 


10. Scattered albedo + planetshine 

0.90 


77.35 W 

■'•Determined using = 160 K 
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painted surface. A better radiator surface, similar to the intermediate 
and cold stage radiators, can provide an emittance of 0.95. The energy 
balance indicates that an uncontrolled equilibrium temperature of 154.1 K 
results with this higher radiator emittance. Table 3-24 shows the sensi- 
tivity of the optics case/ scan mirror temperature to net heat input for 
radiator surface emittances of 0 <$;■> and 0.95. They indicate that a sub- 
stantial margin for growth of tte ^ loads may occur (*15 W) before the 
design temperature is reached, using the present size of case cooler rad- 
iator and higher emittance value. Conversely, if more detailed preliminary 
analysis indicates insufficient heat loads to reach 160 K, the size of the 
effective case cooler may be decreased. 

Incentives to thermally couple the scan mirror compartment and 
optics case include simplification of design and less variation over time 
of orbital heat loads to the case. Further, the scan mirror compartment 
temperature will be lower than both calibration targets, permitting . simple 
and precise calibration target temperature control through heat addition 
alone. Calibration target temperatures may lie achieved with the addition of 
3 to 5 watts of heat in the steady state. The scan mirror motor should be 
operated at “300 K to achieve the long (5-year) lifetime goal. Rocm tem- 
perature operation of the motor may be achieved using its own power dis- 
sipation alone by proper combination of the design of its outer surface 
radiative properties and thermal contact to the compartment . High motor 
temperatures would result frcm enclosure within an MU blanket and thermal 
conductive isolation from the compartment; low tenperature operation would 
result from a bight emittance on the outer surface and close thermal ccupl~ 
ing to the conpartment. Fine tuning of the motor temperature can thus be 
easily accomplished when its size, actual power dissipation, and desired 
operating temperature are more precisely known. Similar tenperature con- 
trol techniques may be enployed with the chopper motor. Note that only 
5 watts dissipated within the chopper motor are added in the Table 3-23 heat 
loads to the ccmpartment, although up to 15 watts may be the actual motor 
dissipation. This is because the chopper motor is envisioned as mounted 
within a well in the ccmpartment, with some heat loss directly to space. 

This study has focused on tenperature levels only, not on 
thermal gradients within the optical bench Which could cause misalignment. 

When future study determines allowable and actual tenperature gradients, 
then heaters (or heat pipes) may be placed in the colder parts of the 
instrument to equalize tenperatures within the optics case. Since the 
outside of the case is covered with insulation except where it sees only 
space and because of its large mass, changes in temperature from one part 
of the orbit to another should be quite small. 

3. 3. 5. 2 Detector Radiative Cooler 

The detector radiative cooler shown in Fig 3-30 is a two-stage 
design with a shielding system designed to protect it frcm solar and earth 
loads during every part of the orbit throughout the mission. The intermediate 
stage has 7450 cm? of radiative area; the cold stage 17,600 can . The 
intermediate stage is supported off the optics case by low conductance 
fiberglass-epoxy tube supports as is the cold stage off the intermediate 


Table 3-24 Coptics c^ae/scan mirror temperature 

sensitivity to net radiator heat loads 1 


Tenperature (K) 


Heat Load (W) e = .85 e = .95 


40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

95.0 

100.0 


133.5 

137.5 

141.2 

144.6 

147.8 

150.8 

153.6 

156.3 

158.8 
161.2 
163.5 

165.7 

167.9 


129.9 

133.8 

137.3 

140.6 

143.7 
146.6 

149.4 

152.0 

154.4 

156.8 

159.1 

161.2 
163.3 


^-Determined by steady state energy balance; 
q = aeA c T c 4 

Where q = heat load (w) 

a = Stefan Boltzman constant = 5.67 x 10 -8 

e = radiator emittance. taken as 0.85/0.95 
= 0336 cooler radiator area, taken as 2.610 m 2 
T c = case radiator tenperature 


— ) 

m? k 4 / 


stage. The tube supports are a type Which have been used on several r*r! 

S aSi^S ° rblt ?' Eaalatlve isolation between stages 

covering the facing surfaces with sheets of aluminized mvlar 
or with high specular vapor-deposited aluminum. ^ 

i .Each of the two radiative cooler stages can be treated senar- 

% to 

9 . One of the goals of this design was to open up the qaps be- 

££SW“ 

thermally. The cooler geometry was used with the Aerojet Monte Carl o ra-nm-am 
to detetaone radiative interchange factors between e^laf s^faSe? 

^ nte Carlo analysis shewed that approximately half of the radiation from 
Sta9e to **- ®W=tage esca^t thfjnd b£ 

^ SiZe “> ° f «- ^ closures 

“5-**- f tuSf sSh^s 

tnfteZ ZT-^ e r^ iCS Stage t0 «“ Stage L !?4fxl0-^W/K 

and from the intermediate stage to the cold staqe. 1 46 x in-2 m/k- n, W/K 

S^^L^niri0 e to e i2%° o rth U ^ ated ? tresses under Shuttle launch' loads 86 
Sm so th 2 a £ 2. ! ^ eir maX3jnum strength. This was done by de- 

9? f i T at a lar< 3f amount of conservatism would reside in this area sinr^ 

» ilhSy ta p 2S? al prDblans reutea to elze ana ■— *««*«5* ST 

. . . dimensions of the cold stage radiator depth width awl 

«¥*£= ms r ^Sssr 


the PC HqCdTe^eteot ore ^ ^7 ector dewar consi.st of Joule heating by 

S^KKSSSSSSsSS: 
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3.3.6 


Contamination Control 


axitaminants^eSim^’^rSt ?™?' 6 ?*! ra «“ ^lt in 

sl s’sssr 

SnSS .““• «- ™S^S 23 S 


the radiativfSSS^S effS^T^lS S^ 331 '' 0 3 ” f0ce3 <* 
tion on the specular surface 5 cooler performance. Contamina- 

The sotical case 11 decontamination Jf 1 ?” 0ffects ’ 

taminate the cooler snrfappq 2: .. , 8 ri r e<a a ‘ 30ve woul<3 also decon- 
tenperatures ^ ° f «“ c ^enic 

clean spacecraft. ^trument, xt should be flown on a reasonably 

prevent cool dnSJTS S over ^ a Perture of the cooler assembly to 

S3? s“ a c °r" 

k?k f ? 0 r^ apertur ? * 9«»* ™ ifsf 

S£S SdSi^le^^Se^ 3*Jf 5P1- - « 
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Table 3-25 Sunmary of heat loads to intermediate stage detector radiator 1 



Heat 
Load (W) 

Radiator support conduction 

2.056 

Internal radiation 

1.038 

Sun shield radiation 

0.255 

Earth IR + planetshine 
(scattered from sun shield) 

0.192 


3.541 

^■Calculated using: 


T case = 160 K 


T int. ” 100*4 K 


stage 
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Table 3-26 Summary of heat loads to cold stage detector radiator 1 


Wire conduction 

0.526 

PC detector bias 

0.0367 

Cryostat gold-gold radiation 

0.0245 

Cryostat support conduction 

0.160 

Optical port radiation 

0.0830 

Heat pipe parasitics 

0.10 

Radiator support conduction 

0.458 

Radiator internal radiation 

0.1677 

Sun shield radiation 

0.3898 

Scattered earth IR + planetahine 

0.1766 


2.1223 


^Calculated using 


Tint. “ K 

stage 

T cold = 69.0 K 






3-27 AMTS intermediate stage radiator tenperature 
sensitivity to net heat loads 1 


Heat Load (W) 


Tenperature (K) 


2.00 

2.25 

2.50 

2.75 

3.00 

3.25 

3.50 

3.75 

4.00 

4.25 

4.50 

4.75 

5.00 


87.0 
89.6 

92.0 

94.2 

96.3 
98.2 

100.1 

101.8 

103.5 
105.1 

106.6 
108.0 
109.4 


1 Determined by steady state energy balances 

« - »i*rS • r ia + f ib-s • A 1 B 3 tJ 

where: 

q = heat load (W) 

a ~ Stefan-Boltzmann constant 

e = radiator emittance, taken as 0.95 

a 1A = 31:651 of intermediate radiator section 
nearest optics carpartment = 0.6130 m 2 

a 1B = 31:63 of intermediate radiator section 

furthest fran optics carpartment = 0.1320 m 2 

f 1A-S = factor to space of intermediate rad- 
iator section nearest optics carpartment, 

= 0.866 

f 1B-S = view factor to space of intermediate rad- 
iator section furthest from optics compart- 
ment = 0.886 

T 1 = intermediate stage radiator tenperature 


4 M H«*i 


Table 3-28 PiMTS cold stage radiator temperature 
sensitivity to net beat loads 1 


1 Determined by steady state energy balance 

q = <J«A2 f 2-s T 2 4 
where: 

q = beat load (W) 
a = Stefan-Boltzmann constant 
e = radiator emittance , taken as 0.95 
&2 ~ cold stage radiator area, = 1.760 
F 2 _ g = view factor to space, = 0.992 
T 2 = cold stage radiator temperature 
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Table 3-29 Instrument operating states 


Instrument State 


Remarks 


• Power off 


• Decontaminate 


• Operate - normal sounding 


• Operate - spectral monitor 
scan 


• Replacement heater power only 
applied to the instrument. 

• Radiative cooler cover closed 

• Radiative cooler cover closed 

• Decontamination optical case 
heaters active 

• IR detector circuits disabled 

• Downlink data circuits active 
(but signal channel data mean- 
ingless) 

• Instrument cooled down 

• IR detector circuits enabled 

• Normal spatial scan pattern 

• Spectral test circuits active 

• Grating angle stepped over a 
pre-progranroed range 

• Dcwnlink ccmnitted to support 
spectral monitor channel data 


The IR detectors, the KBr corrector lens and the KBr optical 
port must be protected from contamination — particularly from noisture— while 
in the atmosphere. Consequently, it will be necessary to maintain the 
instrument in a controlled environment prior to launch. 


3.4 


Electronics Assembly 


3.4.1 


Electronics Assembly Functional Requirements 


Instrument operating states are listed in Table 3-29. Uplink 
cxamands required to select instrument operating states and control the 
instmnent are listed in Table 3-30. Downlink data functions are listed 
in Table 3-31. The electronics assembly is required to control or perform 
the indicated functions. 


3.4.2 Electronics Conceptual Design 

The electronics assembly conceptual design for the Baseline V 
instrument has been completed through the functional block diagram level. 
Functional block diagrams are shown in Fig 3-32 and in Fig 3-35 through 
3-38. i^agor electronics functional elements are listed in Table 3-32, with 
“the applicable block diagrams indicated. Functional requirements for the 
clock ana timing logic, data formatting logic, and command demodulator are 
highly interactive with the requirements of other functional elements. In 
each of the functional block diagrams of Fig 3-32 and of Fig 3-35 through 
3-38, only those functions of the clock and timing logic, data formatting 
logic, and ccmnand demodulator which interface with the subject functional 
element are shown, consequently, the overall requirements for these func- 
tional elements are the sum of the functions presented on. the individual 
block diagrams. 


3. 4. 2.1 Signal Channel Electronics 


The block diagram of the signal channel electronics is shown in 
Fig 3-32. The signal channel electronics consists of the optical scan 
mirror control circuits, optical chopper control circuits, optical chopper 
reference generator circuits, and analog and digital signal channel cir- 
cuits. 


The scan mirror is step scanned, with identical dwell times for 
each footprint and for each calibration target lock. It is necessary to 
both accelerate and decelerate the average scan mirror angular velocity to 
fast slew from the last scene footprint to the first calibration target, 
from the first calibration target to the second calibration target, and 
from the second calibration target to the first scene footprint. Scan 
mirror angular position is monitored for each dwell angle via telemetry. 
Scan mirror position is under the control of the clock and timing logic 
function. A "direct access" test scan mode is provided for prelaunch 
laboratory calibration of the instrument. In this test node the scan 
dwell sequence would be: laboratory test target, first internal calibra- 

tion target, second internal calibration target, laboratory test target, 
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Table 3-30 Uplink commands 


Conmands 


Remarks 


Spacecraft 

• Instrument power off 

• Instrument power on 

Instrument 

• Cooler cover open 

• Cboler cover closed 

• Detector dewar tetirrxature 
set point 

• Grating angle set point 

• Spectral monitor scan 
test 


• Replacement heaters on 

• Replacement heaters off 


• Set for correct channel 
frequencies 

• Steps grating over a range 
of angles about grating set 
point for a specified nuntoer 
of cycles 


* , •** ,vr> . 


Table 3-31 Downlink data functions 


Parameter 


Remarks 


Operational. Data 3 - 


• Signal channel data 

• (Fig 3-32) 

• Scan mirror position 


• calibration targets tenperature 

• *12 sensors 

• Spectral position monitor data 

• (Fig 3-35) 

Housekeeping Telemetry^ 


Grating angle petition 


• Optical chopper speed 


• Radiative cooler cover position 


• Cbld optical case temperature 

• "12 sensors 

• Detector dewar tenperature 

• " 4 sensors 

• Radiative cooler tenperature 

• "12 sensors 

• Electronics assembly temperature 

• " 4 sensors 

• Electronics assemblies - selected 

• "48 channels 

voltages and currents 



^-Required to reduce sigrial channel data 

^Required for instrument control and performance analysis 


3 - 5.27 








Table 3-32 Major electronics functional elements 1 


Function Element Block Diagram Figure No(s) 


1) 

Signal channel electronics 

3-32 


2) 

Spectral monitor and control 

3-35 


3) 

Downlink telemetry 

3-36 


4) 

Optical, assembly temperature control 

3-37 


5) 

Spacecraft/ instrument prime power 
interface 

3-38 


6) 

Clock and timing logic 

3-32, 

3-35 

7) 

Data formatting logic 

3-32, 

3-35, 3-36 

8) 

Ccmnand demodulator 

3-32, 

3-35, 3-37 


^Functional requirements for elements 6, 7 and 8 are distributed over 
a number of different block diagrams. Overall functional require- 
ments for these elements are the sum of those presented on the block 
diagrams indicated. 


WM 4rlP^t * % -r 


The optical chopper drive is synchronized with the spatial scan 
in the sense that detector output is integrated over a specified integer 
number of chopper cycles for each spatial dwell. Chopper wheel speed is 
synchronized with the system clock. 

The analog portion of the signal channel electronics consists 
of all electrical circuit elements from the detectors through the analog 
multiplexers. There is a separate analog signal channel for each detector 
within a spectral channel array, for a total of 16 analog channels per 
spectral channel set. A separate analog multiplexer, 14 bit "Analog to 
Digital Converter" (ADC) , and "First In First Out" (FIFO) data buffer are 
provided for each spectral channel set. There are 28 sets of signal 
channel analog circuits; one for each spectral ci^annel. 

The optical chopper reference generator circuits process the 
voltage waveform from the reference generator detectors to derive wave- 
forms of the proper phase required to perform the functions of synchron- 
ous demodulation, integrated signal hold, and integrator reset. There 
are 16 waveforms — nominally square waves — derived from the chopper gy 
erator reference detectors; one for each element of the IR inlet sli. 
array. From each of these 16 spatial channel waveforms, chopper clock, 
hold, and integrator reset waveforms are generated for the 28 spectral 
signal channels corresponding to the spatial channel. 

A functional schematic of the analog signal channel is shown in 
Fig 3-33. A DC coupled switched integrator approach is used to avoid 
footprint to footprint baseline slew induced radiometric errors. Because 
of the close proximity of the 75 K focal plane and the 160 K cold optics 
case, it is not necessary to locate any electronics within the 75 K cryostat. 
Critical electrical corrponents such as the input JFET and load resistor can 
be mounted in the cold optics case at 160 K, with the balance of the elec- 
tronics at 300 K. 

Ihe preamp is a differential "Trans impedance Amplifier" (TIA) 
consisting of a balanced JFET followed by an operational amplifier. This 
differential configuration provides both thermal and electrical oortmon 
mode rejection. It also minimizes the effects cf thermally induced drifts 
in the offset voltage of the input JFET upon detector bias. For both mini- 
mum preamp noise and miriimum detector cryostat joule heat load the input 
JFET is best located on the 160 K surface rather than directly within the 
75 K detector cryostat. By making the TIA feedback resistor, R^, 10 times 
the detector dark resistance, it can be located on the 160 K surface with 
minimal inpact upon overall system noise. Bias voltage for the PC HgCdTe 
channels are listed in Table 3-33. Incremental signal photocurrents 
for the AMTS detectors are listed in Table 3-34. 

The analog signal amplifier provides gain, low-pass band limiting 
of the chopped waveform and coarse DC offset adjustment. Both gain and DC 
offset would be adjusted on an individual channel basis during instrument 
alignment. 
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Figure 3-32. Signal channel electronics block diagram 
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Table 3-33 Bias voltage across terminals 
of PC detectors 


CH 

X 

(pm) 

Bias 

Voltage 

(V) 

1 

16.476 

0.159 

2 

16.046 

0.185 

3 

15.929 

0.191 

4 

15.765 

0.199 

5 

15.466 

0.213 

6 

15.282 

0,220 

7 

15.025 

0.230 

8 

14.996 

0.232 

9 

1-4.967 

0.233 

10 

14 o 938 

0.234 

11 

11.429 

0.255 
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Table 3-34 Incremental total signal pJiotocurrents for AMTS detectors 


Junction 

X Detector Capacitance 

CH (ym) Type (p) 


1 

16.476 

PC HgCdTe 

, 

2 

16.046 

1 

_ 

3 

15.929 

1 

i 

4 

15.765 

1 

nmmm 

5 

15.466 

1 

mmmm 

6 

15.282 

1 

■■r— 

7 

15.025 

! 

****** 

8 

14.996 


— 

9 

14.967 

{ 


10 

14.938 

PC HgCdTe 

— 

11 

11.429 

PC HgCdTe 

--n 

12 

9.608 

FV HgCdTe 

1.24E“10 

13 

8.120 

1 

1. 16E" 10 

14 

6.060 

1 

1.66E” 10 

15 

;.881 

PV HgCdTe 

3.03R-10 

16 

5.437 

PV HgCdTe 

5.18E" 10 

17 

5.403 

PV HgCdTe 

5.36E -10 

18 

5.181 

PV InSb 

9.88E -11 

19 

4.195 

PV InSb 

1.02E~ i0 

20 

4.191 

! 

6.52E'’-i 

21 

4.187 

1 

1.03E-1 0 

22 

4.184 

1 

6.63E~li 

23 

4.180 

1 

1.03E-10 

24 

4.176 

I 

6.74E-H 

25 

4.125 

1 

7.43E-H 

26 

3.992 


8.91E-H 

27 

3.822 

1 

7 . 22E~ 11 

28 

3.723 

PV InSb 

B.49E"' 11 


Incremental 
Photocurrent (A) 


Dark 

Resistance 

^ ^chopper 

Vn 

TVtbx or 

m 1 

i cal 

3.40E2 

2.11E“ 8 

6.18E -8 

8.68E" 8 

3.94E2 

1.49E -8 

4.10ET 8 

5.78E -8 

4.08E2 

1.15E- 8 

3.10E" 8 

4.41E” 8 

4.25E2 

9.07E" 9 

2.36E" 8 

3.38E” 8 

4.54E2 

5.14E-9 

1.35E- 8 

1.99E -8 

4.69E2 

4.94E -9 

1.23E“® 

1 . 82E“ 8 

4.91E2 

4.66E -9 

1.12E -8 

1.66E -8 

4.95E2 

5.06E -9 

1.21E“® 

1.78E -8 

4.96E2 

5.15E- 9 

1.21E-” 

1.78E -8 

4.98E2 

4.84E” 9 

1.03E -8 

1.52E" 8 

7.22E2 

7.12E" 9 

1.29E” 7 

1.42E" 7 , 

2.08E8 

1.83E” 9 

1.82E -8 

2.42E -8 

2.23E8 

5.2IET" 10 

5.53E" 9 

1.29E -8 - 

2.19E8 

1.41ET 10 

5.44E" 10 

2.4SE- 9 * 

1.93E8 

1.08E“1° 

3.79E- 10 

1.99E" 9 

2.30E8 

7.93E -11 

1.42E -10 

_ q 2 

1.44E -9 , 

2.23E8 

7.42E"11 

1.40E -10 


1.86E8 

2.88E-11- 

6.48E-H 

8.06E~ 10 

1.81E8 

8.18E -13 

3.6IE** 12 

2.61E"1° 

2 . 82E8 

9.05E -13 

4.21E-12 

2.58E”10 

1.80E8 

7.70E-1 3 

5.14E-12 

1.52E-X0 

2.78E8 

9.00E-1 3 

5.61E-12 

1.99E“10 

1.79E8 

7.16E-1 3 

5.45E-12 

2.18E”1° 

2.73E8 

1.15E~12 

6.19E”12 

2.44E"1° 

2.48E8 

1.06E -12 

7.74E-12 

3.96E -18 

2.07E8 

6.42E-1 3 

6.36E-12 

5.16E"1° 

2.55E8 

1.84E-1 3 

2.60E-12 

3.69E-X0 

2.17E8 

1.49E -13 

2.57E-12 

5.48E" 10 


^-Tcal = 310 K 

^Values correspond to Teal 


The analog signa.l processing consists of synchronous demodu- 
lation and integration. The integrator doubles as an analog hold func- 
tion. The maximum hold time could not exceed the 22 ireec spatial scan 
slew interval. Hold times could be reduced, to about 1.0 msec by operating 
the ADC near its minimum conversion time ( *50 usee for a 14 bit ADC) . The 
signal channel demodulation approach is pictured in Fig 3-34. Integrated 
values during shutter open and shutter closed intervals are differenced due 
to the synchronous switching of signal polarity to the integrator. (Para 
3 .1.1. 3.1, Configuration d) • Integration must be performed over an integer 
number of cycles. Within limits, slowly varying DC offset levels and clock 
vs signal voltage phase offsets will not affect radiometric performance of 
the system. The output vs input voltage characteristics of the integrator 
must be linear. Residual voltage in the integrator bucket after the "reset" 
cotmand must be independent of the radiometric value of the preceding dwell 
period. 


Digital outputs fran each spectral channel are combined in a 
digital multiplexer. The data formatting circuit accepts the output data 
stream from the digital multiplexer, combines it with the telemetry and 
spectral monitor functions data streams, and adds the necessary synchroni- 
zation words. The analog multiplexer, ADC, FIFO buffer, and digital multi- 
plexer are controlled by the data formatting logic. 

A spacecraft interface data buffer is probably required to buf- 
fer the composite data stream from the AMTS. Detail requirements for the 
buffer are, of course, dependent upon the requirements of the spacecraft 
data system. It is assumed that an AMTS command demodulator would be re- 
quired to demodulate AMI'S uplink command words received via the spacecraft 
uplink carmand system. Detail requirements for the carmand demodulator 
are dependent upon the characteristics of the spacecraft, command system. 

scan mirror assembly, the optical chopper assembly, the 
chopper reference generator detector assembly, and the detector and first 
stage preamp assemblies are located within the cooled optics case. The 
remaining circuitry is located in the electronics assenbly, removed from 
the optics case. 

3 *4. 2. 2 Spectral Monitor and Control 

The block diagram of the spectral monitor and control circuit 
is shown in Fig 3-35. This circuit consists of an AC modulated redundant 
neon bulb spectral reference source, spectral monitoring detectors and their 
spectral channel electronics, and a grating angle control circuit. 

The spectral monitor signal channel circuits consist of 10 de- 
tectors, in two groups of five each, used to detect selected neon spectral 
lines. The outputs of 10 individual analog channel circuits, one per de- 
tector, are combined in an analog multiplexer. Signal levels are digitized 
by a common 14 bit ADC, fed into a FIFO buffer, and then to the common 
AMTS data formatting circuit. The analog multiplexer, ADC, and FIFO buffer 
operate under control of the data formating logic. 'Ihe analog channels of 
the spectral monitoring circuit are functionally identical with those of 
the IR signal channel electronics . 
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A relative grating angular position sensor provides inputs to 
the downlink telemetry circuit and to the clock and timing logxc circuit . 
Changes in grating angle are executed under control of the clock and timing 
logic upon receipt of appropriate ground cemnands. 

In the normal monitor mode the spectral monitoring circuit 
operates continuously and without interfering with IR signal channel opera- 
tion. The output data from the 10 spectral monitoring channels are merged 
into the downlink data stream by the data formatting logic. Data from the 
spectral monitoring channels is read out at the IFCW sampling rate. 

In the IR channel "frequency adjust" mode the grating angle 
is changed under control of the clock and timing logic by an increment 
specified in the uplink command. The grating angular step would be accom- 
plished during a scan slew period between line scan and calibration target 
dwell intervals, and no IR signal channel data would be lost. 


Upon receipt of a "scan test" ccmnand, the grating angle would 
be stepped over a preprogrammed angular range. Spectral monitor data 
would be read exit for" each grating position. During the scan test inter- 
val, IR signal channel data is affected by the varying grating angles; _ 
conseouentlv, it is of no value for atmospheric profile retrievals. During 
the scan test cycle, maximum utilization cf the downlink for spectral 
monitor channel measurements would be instituted by the clock and timing 
logic and the data formatting logic. IR signal channel data would not be 
transmitted during the test cycle. 


The neon lamp source and the grating angle drive circuitry are 
located in the cooled optics case. Spectral, monitor detectors are located 
on the spectrometer image plane mask in the detector dewar. The remaining 
circuitry is located in the electronics assembly. 

3. 4. 2. 3 Telemetry Data Circuit 


This circuit collects all downlink data except IR signal chan- 
nel data and spectral monitor channel data. The telemetry data circuit 
block diagram is shown in Fig 3-36. Individual telemetry analog sensors 
are not shown in the diagram. All temperature sensor data is sampled by 
an analog multiplexer, digitized, and accumulated in a FIFO buffer. All 
other analog telemetry data is also sampled by an analog multiplexer, digi- 
tized, and accumulated in a separata FIFO buffer. Data is output frem 
these buffers through a control digital multiplexer to the ^trument data 
formatting logic. The analog multiplexers, ADCs, FIFO buffers and digital 
multiplexer operate under the control of the data formatting logic. Readout 
of the digital scan mirror shaft angle sensor is also under control of the 
data formatting logic. Scan mirror position is read out for every spatial 
dwell position, including the calibration target dwells. Other telemetry 
functions are read out once per line scan. With the exception of telemetry 
sensors, the telemetry data circuit is located in the electronics assembly. 


3. 4. 2. 4 Optics Assembly Temperature Control Circuits 

The active optics assembly temperature control block diagram is 
shown in Fig 3-37. 
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The radiative cooler cover is opened and closed via ground ccm- 
mand. Contamination within the optics assembly and the cooler can he 
largely boiled off by applying power to the decontamination case heaters 
with the radiative cooler cover closed. On/off control of these heaters 
is used to hold case temperature within the design range for decontamination. 

The on-board calibration target temperatures are maintained 
constant within a high degree of precision by proportional temperature con- 
trollers. 


The detector cryostat is cooled by the detector radiative 
cooler Since HgCdTe detector responsivity is a function of detector 
temperature, an active cryostat heater is used in order to maintain tempera- 
ture constant, A tight, over-damped, proportional temperature control 
loop is used in order to avoid relatively short tenn variations of detector 
temperature. The cryostat temperature set point can be changed via ground 
command in order to take full advantage of the cooling capacity of the 
radiative cooler. A detector circuit thermal interlock is provided to 
protect the detectors by disabling the detector bias circuits when the 
cryostat is not cooled down. 

3. 4. 2. 5 Spacecraft/ Instrument Prime Power Functional Interface 

A functional block diagram of the spacecraft/ instrument prime 
power interface is shown in Fig 3-38. Details of this interface, of 
course, are dependent upon options and constraints imposed upon the AMTS 
instrument by the spacecraft. Spacecraft prime power to the instrument 
power conditioning circuits must be controlled by ground command on the 
spacecraft side of the interface. Spacecraft replacement power is always 
supplied to the instrument to maintain the optics assembly and the elec- 
tronics assembly within a safe standby temperature range when space- 
craft power to the instrument power conditioning circuits is switched off. 
Spacecraft telemetry channels should be provided to monitor critical AMIS 
standby temperatures when the spacecraft prime power to the instrument is 
off. 

3.5 Instrument Data Rate, Size, Weight, and Prime Power Requirements 

3.5.1 Downlink Data Rate 

Downlink data rate requirements for the Baseline V instrument 
are listed in Table 3-35. The downlink data rate is 35.5 kbits/ sec. 

3.5.2 Size 

The dimensions of the optics assembly, including the radiative 
cooler assembly, are shown in the layout drawing of Fig 3-30. Thermal 
isolation spacecraft mounts are not shown in the layout drawing. A de- 
tailed conceptual circuit design of the electronics and a detailed con- 
ceptual layout of the electronics assembly have not been done. The volume 
of this assembly is estimated to be 100,000 om^. 


3.5.3 


Weight 


Weight estimates for the overall instrument are listed in Table 
3-36. Thermal isolation spacecraft mounts are included in the weignt esti- 
mate. 


Optics assembly weights are based upon lightweight beryllium 
mirrors and a lightweight beryllium optical bench structure. This will re- 
sult in minimum weight for the assembly. A more cost ef feet i ve approach 
may be to use lightweight glass mirrors and an athermalized aluminum 
optical bench, for example. This is a trade-off that must be made vhen 
spacecraft options and constraints are known. A detailed conceptual design 
for the optical bench and overall optics assembly structure has not been 
done; neither has a detailed design of the electronics assembly package. 

3.5.4 Prime Power Requirements. 

Total prime power requirements for the AMTS instrument are 
estimated to be < 250 watts. A detailed conceptual circuit ’.asign has not 
been made, however, beyond the functional block diagram level. In addition, 
details of the instrument/ spacecraft prime power interface are not known. 
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Table 3-35 Downlink data requirements (Baseline V) 


Downlink Data Item 

tfo* of Words 
per Line Scan 

Operational data 

IR signal channel data 

59,136 

Spectral monitor channel data 

1,320 

Scan mirror position (TIM) 

132 

Cal target temperatures (TIM) 

12 

Subtotal 

60,600 

Housekeeping data (TIM) 

Voltages and currents 

48 

Temperatures 

32 

Grating angle position 

1 

Optical chopper speed 

1 

Radiative cooler cover position 

1 

Subtotal 

83 

Sync words 

-1,000 

Total (14 bit) words/line 

61,683 

Averaqe words /sec 

2,537 

Average bits/sec 

35,520 


Table 3-36 Instrument weight estimates (Baseline V) 


Assembly 


Weight (kg) 

Optical 

Optics 


46 

Structure 


86 

Radiative coolers 


70 

Thermal blankets 


16 

Miscellaneous Hardware! 


36 

* 

Subtotal 

254 

Electronics 


Subtotal 

45 


Total 

299 



(659 lbs) 


^Includes spacecraft thermal isolation mounting provisions 
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SECTION 4 


4.0 BASELINE V AMTS ERROR ANALYSIS 

This section identifies error sources which inpact AMTS system _ 
performance. To the extent that a data base is available and error analysis 
can be performed, estimated error values are presented . All identified 
error sources are treated individually. This treatment generally provides 
additional insight into the requirements and constraints of a high precision 
IR atmospheric sounder. The results of the Baseline V error analysis are 
summarized in Para 4.12. 

Error sources can be grouped into four broad categories: 

• Spectral errors (Para 2.3.6 through 2.3.9) 

• Nontunable radiometric errors (Para 2.3.10) 

• Tunable radiometric errors (Para 2.1.6 and 2.3.11) 

• Correlated relative radiometric errors (Para 2.3.12) 

The overriding requirement for good AMTS system performance 
is high precision radiometry. Ultimately, spectral error components can be 
expressed in terms of equivalent radiometric errors. 

Nontunable short term radiometric error components can have 
various hinds and degrees of correlation. The following correlation cate- 
gories affect sounder system performance in different ways: 

• Random footprint to footprint — These error components are 
reduced by a factor of 1//N when N individual footprints 
are combined to form a composite footprint (Para 2.1.7). 

• Correlated footprint to footprint — These error ocmponents 
are not. reduced in the composite footprint. 

• Random channel to channel. 

• Correlated (tracking) channel to channel The effects of 
individual error components upon cloud filtering capability 
are reduced with respect to random errors. 

• Correlated (nontracking) channel to channel — These error 
components have a more detrimental effect upon cloud filter- 
ing capability than random errors. 

The effects of long term systematic radiometric errors (tun- 
able errors) can be reduced by in-orbit system tuning (Para 2.1.6). 

Correlated relative iiometric errors are a subset of nontun- 
able radiometric errors. They consist of the nontunable correlated channel to 
channel differential error cartponents. In general, these errors also tend to 
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be correlated footprint to footprint over the area of the composite footprint, 
am are not necessarily reduced in the composite footprint. This instrument 
requirement error category is defined seperately because of its effect upon 
the cloud filtering capability of the sounder system (Para 2.1.7). 

4.1 Spectral Lrrors 

Spectral requirements consist oft 

• Channel frequency (Para 2.3.7) 

• Knowledge of channel frequency (Para 2.3.8) 

• Channel bandwidth (Para 2.3.6) 

• Knowledge of relative channel intensity vs frequency 
response (Para 2.3.9) 

Uncertainties — or errors — in these spectral parameters 
affect system tuning (Para 2.1.6). Long term systematic instrument spectral 
errors are tunable errors. Short term temporal variation in instrument 
spectral parameters result in nontunable radiometric errors. The instrument 
error contribution can be analyzed in terms of spectral parameters* Convert- 
ing these spectral error values to radiometric errors must be done through 
system level simulation. 


4.1.1 Channel Frequency Setting 

Channel frequency setting errors are a function of the follow- 
ing parameters defined at the operating temperature of the instrument: 

• Grating pitch. 

• Accuracy to which the relative slit positions of the inlet 
slit mask and exit slit mask are fabricated. 

• Relative angular alignment of the entrance slit mask, exit 
slit mask, grating, and grating collimator. 

Channel frequency setting errors resulting fran optical align- 
ment errors can be corrected within limits while in orbit by adjusting the 
grating angle (Para 3.1.2). 

The equation used to calculate spectral setability error is: 


m cos (6 + A0) 


AX 


a + Aa 


tsin (a + Aa) + sin (3 + A3)] - X 


(4.1) 


where 


a = grating pitch 

Aa = error in grating pitch 

a - grating incident angle 

Aa = error in grating incident angle 

0 » grating diffraction angle 

Af? = error in grating diffraction angle 

X = channel wavelength 

AX = error in channel wavelength 

m = grating order number 

9 = grating out-of-plane angle 

A6 = error in grating out-of-plane angle 

Part A of Table 4-1 shows the sources of prelaunch setability 
error. The values shown are fairly conservative. Part B shows the in 
orbit resetability error sources when using the spectral monitor. Part C 
shows setability errors in terms of wavelength for several channels. The 
second column is the setability design requirement expressed in terms of 
wavelength (Para 2.3.7). The third column shews that the prelaunch set- 
ability error is within the design requirement as is the reset error using 
the discriminators as shown in column four. Channel 10 is the most error 
sensitive channel. 

4.1.2 Knowledge of Channel Frequency 

Knowledge of the channel frequency setting depends upon 
prelaunch calibration data and, ultimately, upon the ability to monitor 
channel frequency in orbit (Para 3.1.2). 

Table 4-2 part A shows the sources of error in spectral know- 
ledge using the spectral monitor. The calculated spectral knowledge in 
terms of wavelength falls well within the design requirement (Para 2.3.8), 
as can be seen from pari; B. Channel 10 is the most sensitive to error 
and Channel 20 the least. Of the two discriminators, S2 is the more sen- 
sitive to errors. When nulling discriminator offsets, the S2 correction 
should be favored over the SI correction. 

Table 4-3 part A shows the results of testing an algorithm 
which calculates Aa and A3 from the spatial discriminator data using 
Eq 3.35 and 3.36. The first column shows the number of significant digits 
used in the program. The second and third columns show the true errors 
in a and 0, and the fourth and fifth columns shew Aa and A0 calculated by 
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Table 4-1 Channel frequency setability error 
(for a 5 arc second grating step) 


Error Sources 


h, Setabilicy - pre-launch 

Grating pitch error 
Grating thermal expansion 
uncertainity at 160 K 
Exit mask cutting error 
Exit mask thermal expansion 
uncertainity at 160 K 
Inlet mask cutting error 
Inlet mask thermal expansion 
uncertainity at 160 K 
Exit mask alignment error 
Inlet mask alignment error 
Grating alignment error 
Collimator alignment error 
Out-of-plane alignment error 

Total (BSS) 

B. Discriminator reset - in orbit 


Aa I Aot 

(pm) j (rad) 


5.22E-4 1 — 

3.80E--6 J — — — 



— I 3.33E-5 

I 

— — | 6.98E-8 

— — | 3.33E-5 

— j 4.85E-6 

— — 1 1.62E-5 


5.22E-4 ! 


5.00E-5 


A3 

(rad) 


3.33E-5 

6.98E-8 


3.33E-5 

4.8SE-6 

1.62E-S 


5.00E-S 


A6 

(rad) 



2.43E-5 

2.43E-5 


Relative position of exit slits and 
discriminators 

Grating step size setability error 
Detector relative response error 
Grating pitch error 
Inlet/exit mask cutting error 
Thermal expansion uncertainties at 
160 K 


Total (RSS) 


- 

4.71E-5 

1 

1 

l 

4.71E-5 

1 01 TT— ^ 

j 


A QQl?— *7 

1 

| 

X * iuXu J 

a oqp _7 


5.22E-4 


1 

i 



O mQT? K 

1 

1 

o oot?— t; 


3.80E-6 

J • JJJii 3 

6.98E-8 

1 

l 

J • JJL 3 

6.98E-8 

f“” 

— 

5.22E-4 

5.89E-5 

l 

l 

5.89E-5 

l'“ 


C. Setability in Terms of Wavelength 


CH 

1 

! Required (pm) 
1 

1 i 

| Set. Prelaunch (ym) I Set. In Orbit (pm) 

1 1 

1 

1 

i 1.26E-3 

I 6.82E-4 I 

7.47E-4 

10 

j 1.12E-3 

! 7.55E-4 1 

8.38E-4 

13 

1 6.09E-4 

| 3.49E-4 I 

3.84E-4 

20 

1 3.14E-4 

i 1.65E-4 j 

1.80E-4 

28 

j 2.79E-4 

j 1.62E-4 1 

1.79E-4 


Table 4-2 


Channel frequency knowledge error 
(for a 5 arc second grating step) 


Error Sources 


k. S atability - prelaunch 


Grating pitch knowlege error 
Exit slit/ discriminator relative 
position error 

Detector relative response error 
Digitization error 
Grating step size errv.- t 
Thermal expansion uncertainties 

Total (RSS) 


Aa 

(ym) 


5.22E-6 


Aa 

(rad) 



A$ 
(rad) 



1 

| 

9.44E-6 

| 9.44E-6 
j 


1 

I 

4.89E-7 

| 4.89E-7 

.ir L1| . ■ 

| 

8.48E-8 

j 8.48E-8 


I 

2.42E-6 

1 2.42E-6 

3.80E-6 

1 

4.00E-6 

I 4.00E-6 

5.23E-6 


1.05E-5 

1.05E-5 


B. Setability Knowledge in Terms of Wavelength 
CH I Required (ym) 1 Gala ’ rat ed (ym)_ 

, — r— 


1 

10 

13 

20 


I 


2.47E-4 

2.24E-4 

1.22E-4 

6.30E-5 


7.97E-5 

1.01E-4 

4.24E-5 

1.87E-5 

1 QQW-Cl 


the algorithm. As can be seen, there is a limit, beyond which increasing 
the number of significant digits does not improve the accuracy of the 
calculated numbers. Part B of Table 4-3 shews, for Channel 10, the errors 
in the calculated angles in terms of wavelength. Comparing the results to 
the design requirement for spectral knowledge shows that the inputs to the 
algorithm should be accurate to five decimal digits. Why this algorithm 
did not result in greater precision was not determined. 

4.1.3 Channel Bandwidth 

Channel bandwidth considerations are treated in Para 3. 1.1. 5. 
Possible spectral weighting effects due to optical chopping are treated in 
Para 3.1. 1.3.2. Calculated channel amplitude vs, frequency response for a 
number Of AMTS channels and the effects of wing response crosstalk upon 
system performance are treated in Para 4.3.3. 

Satisfying the half-power channel bandwidth requirements (Para 
2.3.6) is easy with the Baseline V instrument design approach. 

The requirement that the channel amplitude vs. frequency re- 
sponse be the same vidthin narrow limits for all elements of the spatial 
array (Para 2.3.6) Is an important requirement that places constraints 
upon the optical design. The small variation in point spread distribution 
along the spectral axis vs. array position, for the Baseline V optics 
(Para 3.1.4) is within the limits of resolution for the algorithm used to 
derive the slit function responses of Para 4.3.3, System tuning simulations 
having this degree of sensitivity have not been performed. Vfe believe, 
however, that the requirement would be satisfied by Baseline V. 

4.1.4 Knowledge of Relative Channel Intensity vs. Frequency Response 

Knowledge of relative channel amplitude vs. frequency response 
must depend upon prelaunch calibration of the instrument. A change in 
this parameter after launch would primarily be caused by a shift in the 
optical focus of the instrument. No significant focus shift is anticipated 
with a well designed optical bench. The spectral alignment channels, how- 
ever, provide a means of detecting a shift in instrument focus (Para 3.1.2). 
Amplitude vs. frequency response of the IR channels can be roughly deduced 
from the measured amplitude vs. angle response of the monochromatic align- 
ment slit images, based upon prelaunch calibration data. 

Radiometric errors corresponding to an error in knowledge of 
the integrated channel intensity vs frequency response are shown in Table 
4-4 for selected band 1 and band 4 channels. Radiometric error values 
corresponding to differential channel areas resulting from a 5 percent 
change in geometric point spread distributions are listed. Radiance was 
calculated using the GSFC radiance tape for the U.S. Standard Atmosphere at 
a resolution of 0.005 cm " 1 and assuming no clouds in the field of view. 
Radiometric error values normalized to an error in the area knowledge goal 
requirement of 0.15 percent are also listed in this table. This error 
is correlated footprint to footprint and is not reduced in the composite 
footprint. Table 4-4 shows that if the error component were nontunable 
it would be a significant source of error at the goal specification limit. 
It is believed, however, that a significant part of this error component 
is systematic and would be reduced by system tuning. 
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Table 4-3. Calculated grating angle errors 


A, Test of an algorithm using the method specified in Eq 3.35 and 3.36 


No. of 

Decimal 

Digits 

True 
Aa (rad) 

True 
A3 (rad) 

Calculated 
Aa (rad) 

Calculated 
Ag (rad) 

10 

0.0 

0.01 

3.50356E-6 

9.99094E-3 

6 

0.0 

0.01 

2.40330E-6 

9.99915E-3 

5 

0.0 

0.01 

1.94356E-5 

1 . 00»j97E-2 

4 

0.0 

0.01 

7.86237E-6 

9.9ri51E-3 

6 

0.0 

0.001 

2 . 40330E-6 

9.°915lE-4 

6 

0.0 

0.0001 

2.40330E-6 

9.91514E-5 

6 

0.01 

0.0 

1.00107E-2 

4.5^333E-6 

6 

0.0001 

0.0 

9.89475E-5 

3.49326E-5 

6 

0.01 

0.01 

1.00107E-2 

1.00045E-2 


B. 

For CH 10 s Setability knowledge in terms of wavelength 

Nto. of 

Decimal 

Digits 

Error in 
Calculated 
Aa (rad) 

Error in 
Calculated 
Ag (rad) 

AX 

Calculated 
Spectral Know- 
ledge (jam) 

AX Know. 
Required (ym) 

10 

3.5QE-6 

1.06B-6 

4.50E-5 

2..24E-4 

6 

2.40E-6 

8 . 50E-7 

4.04E-5 

! 

5 

1.94E-5 

9.7 E-6 

1.47E-4 

1 

4 

7.86E-6 

4.85E-5 

3.62E-4 

1 

6 

2.40E-6 

8.49E-7 

4.04E-5 

1 

6 

2.40E-6 

8.47E-7 

4.04E-5 

I 

6 

1.07E-5 

4.54E-6 

8.85E-5 

1 

6 

1.05E-6 

3.49E-5 

2.82E-4 

1 

6 

1.07E-5 

4.50E-6 

8.82E-5 

2.24E-4 
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4.1.5 


Spectral Error Summary 


Channel frequency setability, knowledge of channel frequency 
sc lability, and channel half-power bandwidth requirements can be satisfied 
by the Baseline V design. The prelaunch precision with which the channel 
amplitude vs. frequency response can be determined depends upon prelaunch 
calibration capability (Para 4.10.3). 

Spectral errors will primarily result in equivalent systematic 
radiometric errors. Tuning tests using the AMTS physical method of profile 
retrieval with HIRS-2 data have shown that errors in knowledge of channel 
frequency and channel amplitude vs. frequency response can be reduced by 
system tuning. With careful design of the optical bench relatively short 
term nontunable errors should he quite small. The channel to channel 
correlated relative radiometric error component values should also be quite 
small. There xs footprint to footprint and channel to channel correlation 
between these spectral error sources. They are uncorrelated with other 
error sources. 

These spectral radiometric error ccnponent values could be bet- 
ter quantized through system tuning simulation tests specifically designed 
to determine the residual radiometric error as a function of the range of 
spectral error values. It is believed that the spectral errors estimated 
for Baseline V will not make a significant contribution to overall system 
radiometric error. 

4.2 Signal Channel Random Radiometric Errors 

Signal channel random radiometric errors consist of: 

• Detector/preamp limited signal channel noise. 

• Signal channel digitization error. 

• Calibration channel noise contributions. 

These error sources result in noise- like radiometric errors. 

4.2.1 Detector/ Preamp Limited Signal Channel Noise 

Individual footprint signal channel detector/preamp limited random 
radiometric error for the Baseline V instrument is listed in Table 4-5, NM 0 
is calculated using Eq 3.1 and 3.2. Detector area is calculated from detector 
dimensions listed in Table 3-9. An is calculated from 


^wa %a °wa 



using parameter values derived from Tables 3-8 and 3-9. Overall optical 
transmissivities, E g x, are listed in Table 3-17. 
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Table 4-4 Sensitivity to knowledge of integrated dhannel intensity 
vs frequency response 


Preq. 


(an“i) 


606, 95 
665.55 
669.45 


2394.00 
2390.20 

2505.00 

2686.00 


Error in Channel 
Area Knowledge 
(%) 


0.005 

0.140 

0.340 


0.008 

0.029 

0.012 

0.025 


NEAT 

(K) 


0.0027 

0.0701 

0.1882 


0.0005 

0.0061 

0.0024 

0.0054 


NEAT for 0.15% 
Area Uncertainty 
(K) 


0.081 

0.075 

0,083 


0.009 

0.032 

0.030 

0.032 
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Table 4-5 Baseline V signal channel defcector/preanrpi if ier limited randan radianetric error 
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Electrical noise bandwidth, AF, is calculated using the chopped 
square wave model of Appendix D. Baseline V uses 56 chopper cycles per foot- 
print dwell interval. Integration time is reduced to 0.1273 sec to allow use 
of an integer number of cycles per footprint dwell. For a l/f noise frequency 
knee of 100 Hz and using a value of 0.5 for the chopper factor, Fc, /af/Fc = 

5.65 (Table D-l, Appendix D). Note that the effect of l/f noise is included 
in the equivalent noise bandwidth, AF, rather than in detector D* values. A 
value of 100 Hz for the l/f knee is representative of good PC HgCdTe perfor- 
mance and is very conservative for the PV detectors which typically have a 
knee of »1 Hz. 

Detector D* peak values are calculated using the D* models of Ap- 
pendix F. Detector sizes are listed in Table 3-9. Detector temperature is 75 
K. Background is calculated using the method of Para 3. 1.1. 4. 3 for a detector 
cryostat temperature of 75 K, an optics case temperature of 160 K, and scene 
equivalent temperatures listed in Table 4-5. Signal photon flux density, total 
photon flux density, and the ratio of unfocused flux/total photon flux vs. 
equivalent scene temperature is listed in Table 4-6. Detector parameter and 
performance printouts are listed in Appendix F for all channels. Baseline V 
D* values listed in Table 4-5 for the AMTS channel frequencies were derived 
frcm D* peak values using the curve of Fig F-2 (Appendix F) for PC and PV 
HgCdTe detectors and of Fig F-3 for PV InSb detectors. In addition, D* values 
listed in Table 4-5 for PC and PV HgCdTe detectors are reduced by a factor of 
1.5 from the calculated values. For PV InSb detectors, PqA values assumed for 
calculation were less than RqA values measured for detectors developed by Cinci- 
natti Electronics for other JPL programs. Consequently, v, believe that these D* 
values used for Baseline V error analysis are reasonably conservative. 

Baseline V channel half-power bandwidths, Au, are listed in 

Table 4-5 . 


The effects upon detector D* of increasing case and detector tem- 
peratures for selected channels are shown in Table 4-7. PC detector D* as a 
function of detector bias potential is shown in Table 4-8. The relative effect 
of preamp noise upon D* is shown in Table 4-9. 

4. 2. 1.1 Detector/ Preamp Limited Uncertainties, Design Options, and Con- 

straints 

Detector/ preamp limited noise is an important error source in that 
it limits ANTI'S system performance. It effectively places a limit on the radio- 
metric error per composite footprint or upon the minimum size of the composite 
footprint. This error may be minimized by optimizing instrument design using 
as guidelines the NEN parametric equations of Para 3. 1.1.1 and the detector/pre- 
amp considerations and parametric equations of Para 3. 1.1. 4. 

It appears to be impractical to achieve significant improvement in 
Baseline V performance by increasing instrument scale, by improving the opti- 
cal performance, or by degrading the individual footprint spatial resolution. 

The greatest uncertainties, and possibly the greater opportunities for optimi- 
zation, are associated with detector/ preamp performance. For example, from 
Table 3-5 and from Fig 3-15, 3-16, and 3-17, we can make the following general 
observations concerning major noise sources and possible means for reducing 
them: 
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Table 4-6 Baseline V detector background flux vs (Equivalent scene tenperature 
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AO = 9.955 x 10-4 cm2 . a 
Case tenperature 160 K 
Detector temperature 75 K 


Table 4-7 Detector D* (peek) vs case and detector temperature 1 


— 

Band 

CH 

i r 

i i 

| Detector ! 

1 Type ! 

1 

D* vs Case/Detector Tempera': 

•are (K) 1 

Max Change 
Fran 160/75 
TO 180/80 

T 

1 

I 

! 

1 

— 

160/75® 

1 

180/75 

1 

160/80 

180/80 | 

— 

1 

1 

T““ 

I PC HgCdTe ! 

6.91E10 

T 

1 

6.89E10 

5.30E10 

~T 

5.29E10 | 

-23.4% 

T 

1 

| 


11 

i 

|PC HgCdTe 

1.21E11 

i 

1.17E11 

5.56E10 

5.51E10 | 

-54.5% 

1 

1 

2 

| 12 

|PV HgCdTe 

4.98E12 

! 

3.18E12 

4.11E12 

2.92E12 | 

—41 .4% 

1 


1 14 

I 

|PV HgCdTe 

1.65E13 

1 

i 

8.93E12 

1.65E13 

8.93E12 | 

-45.9% 

1 

1 

3 

1 

| 16 

| 

IFV HgCdTe 

2.03E13 

1 

I 

i 

1.49E13 

2.02E13 

1.49E13 1 

-26.6% 

1 

1 


I 

1 19 

1 

lPV InSb 

| 4.16E13 

1 

1 

3.98E13 

4.07E13 

3.90E13 ! 

- 6.2% 

1 

4 

i 25 

|PV InSb 

| 3.04E13 

1 

2.93E13 

3.01E1.3 

2.90E13 | 

- 4.6% 

1 


| 28 
1 

|PV InSb 
! 

3.57E13 

1 

! 

1 

3.48E13 

3.50E13 

3.43E13 | 

- 3.9% 

I 


ly.s. Std. Atmosphere; all detector feedback resistors and preamps at 
case temperature; PC HgCdTe feedback resistors are lOx detector dark 
resistances. 


2 Baseline V tenperatures 


Table 4-8 PC HgCdTe detector D* (peak) vs detector 
bias field potential 


Band 

T 

1 

1 

1 

1 

1 

CH | 
1 

Detector 

Bias^ 

(V/cm) 

. Bias 
Power 
(W) 

/ am/Hz \ 

1 

T 

1 

1 

1 1 

2 

4.67E-6 

3.00E10 


1 

1 

4 

1.87E-5 

5.06E10 


1 

1 

6 

4.20E-5 

6.25E10 


1 

I 

8 

7.46E-5 

6.91E10 


1 

1 

10 

1.17E-4 

7.30E10 


I 

! 

12 

1.68E-4 

7.54E10 


i 

1 

14 

2.29E-4 

7.70E10 


I 

• 

! 

i 

16 

2.99E-4 

7.81E10 

1 

i 

1 

i 

10 ! 

2 

6.85E-6 

3.40E10 


1 

1 

4 

2.74E-5 

5.53E10 


i 

1 

6 

6.16E-5 

6.63E10 


1 

1 

8 

1.10E-4 

7.20E10 


1 

1 

10 

1.71E-4 

7.52E10 


I 

1 

12 

2.46E-4 

7.71E10 


1 

1 

14 

3.36E-4 

7.83E10 


1 

1 

1 

16 

4.38E-4 

7.92E10 

z 

i 

i 

11 | 

2 

5.64E-6 

3.31E10 


1 

1 

4 

2.26E-5 

1 6.49E10 


! 

1 

6 

5.08E-5 

1 9.43E10 


! 

1 

8 

9.03E-5 

S 1.21E11 


1 

1 

10 

1.41E-4 

I 1.44E11 


1 

1 

12 

2.03E-4 

| 1.64E11 


1 

1 

14 

2.76E-4 

I 1.81E11 


1 

I 

16 

3.61E-4 

1.95E11 


^U.S. Std. Atmosphere? case temp = 160 K? cryostat temp = 75 K 
^Baseline V bias potential = 8 V/cm 


Table 4-9 D* sensitivity to preamp noise 


Detector 

Type 


PC HgCdTe 


PV HgCdTe 


PV InSb 


Preanp 

Noise 


(v//Hz) 


D* 

Det/Preamp 

(cm/lte/W) 


X 

icr 9 

7.8 

X 

10 10 

X 

10“ 8 

4.1 

X 

1010 

X 

10-B 

9.6 

X 

10 9 

X 

10" 7 

4.8 

X 

10 9 

X 

10- 9 

2.2 

X 

1013 

X 

10”® 

2.1 

X 

1013 

X 

10-7 

8.2 

X 

1012 

X 

10“7 

1.8 

X 

1012 

X 

10" 6 

8.9 

X 

ion 

X 

10“ 9 

3.8 

X 

10 13 

V 

o. 

10” 8 

3.6 

V 

1Q13 

X 

10-7 

3.6 

X 

10 13 

X 

10-6 

1.2 

X 

1013 
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1) For long wavelength PC HgCdTe detectors 


i 


,'Vv 


a) GR Noise 

• Decrease detector thickness 


b) Preairp Noise 

• Decrease detector thickness 

• Increase detector bias 

• Decrease detector tenperature 

2) For PV HgCdTe intermediate range detectors 

a) Feedback resistor Johnson noise 

• Increase feedback resistance 


b) Instrument background noise 

• Decrease optics case temperature 

3) For PV InSb short wavelength detectors 

a) Johnson noise 

• Bias the photodiode junction 

• Immerse the detector 

b) Instrument background noise 

• Decrease optics case temperature 


c) Feedback resistor Johnson noise 
• Increase feedback resistance 

Clearly, there are a number of cortplex interactive trade-offs necessary to fur- 
ther optimize detector /preamp limited instrument performance. They involve 
investigations at the detector and preamp device levels and at the circuit 
level, as well as at the overall instrument level. Seme of these issues must 
be addressed on the bench, by building and testing devices and circuits; they 
cannot be resolved at the study level. 


We believe there is a very good chance that the Baseline V detec- 
tor/preanp noise limited performance listed in Table 4-5 can be achieved or 
bettered. At this point, we would guess that the performance cannot be bat- 
tered by more than about a factor of 2. It must be remembered, when optimizing 
the detector/ preamp for minimum noise, that possible effects upon amplitude 
linearity and l/f noise frequency knee must be considered. We have considered 
use of PV HgCdTe detectors for the short wavelength channels Where channel 
frequencies are some distance removed from the D* peak frequency of InSb. 5br 
detector parameter values used in the D* models, calculated instrument D* 
values for the two detector types were virtually identical. 

4.2.2 Signal Channel Digitization Error 

Radiometric errors due to signal channel digitization step size are 
listed in Table 4-10. Maximum radiance values, N^, listed correspond to 
maximum equivalent scene temperature, T^*, or to the hot calibration target 
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Table 4-10 Baseline V signal dhannel digitization randan radianetric error 1 


CH (cm" 1 ) 


Max. 

Eq. Target Temp 
(K) 


T raax ^'cal 


(: 


%X 

W 


cm 2 sr cm -1. 


NENv (la) 

W_ ) 

Van 2 sr an”V 


NEAT (la) (K) 


T. 


min 1 std T max 


1 

606.95! 


310 

1 1.69 

X 

2 

623.201 


310 

1 1.69 

X 

3 

627.801 


310 

I 1.69 

X 

4 

634.30! 


310 

j 1.69 

X 

5 

646.60! 


310 

1 1.69 

X 

6 

654.35! 


310 

j 1.68 

X 

7 

665.551 


310 

! 1.68 

X 

8 

666.851 


310 

1 1.67 

X 

9 

668.151 


310 

! 1.67 

X 

10 

669.45! 

1 


310 

1 1.67 

X 

11 

1 

875.001 

327 


! 1.73 

X 

12 

1040.80! 


310 

I 1.08 

X 

13 

1231.601 

327 


I 9.90 

X 

14 

1650.101 


310 

| 2.53 

X 

15 

1700.301 

i 


310 

| 2.19 

X 

16 

I 

1839.401 


310 

1 1.45 

X 

17 

1850.901 


310 

1 1.40 

X 

18 

1930.101 

1 

315 


j 1.27 

X 

19 

1 

2384.001 


310 

! 2.53 

X 

20 

2386.10! 


310 

j 2.51 

X 

21 

2388.201 

313 


! 2.77 

X 

22 

2390.20! 

321 


| 3.62 

X 

23 

2392.351 

325 


j 4.10 

X 

24 

2394.501 

| 

326 


I 4.21 

X 

25 

2424.00! 

331 


! 4.50 

X 

26 

2505.001 

342 


j 4.96 

X 

27 

2616.501 

354 


I 5.14 

X 

28 

2686.00) 

364 


! 5.65 

X 


10“ 5 

3.57 

X 

10-10 

1 

0.003 

0.003 

0.002 

10“ 5 

3.57 

X 

10-10 

! 

0.003 

0.003 

0.002 

10“ 5 

3.57 

X 

10-10 

1 

0.004 

0.003 

0.003 

10“ 5 

3.57 

X 

10- 10 

1 

0.004 

0.004 

0.003 

10-5 

3.57 

X 

10-10 

! 

0.005 

0.004 

0.003 

10“ 5 

3.55 

X 

10" 10 

i 

0.005 

0.004 

0.003 

10-5 

3.55 

X 

10-iO 

! 

0.005 

0.004 

0.003 

10-5 

3.53 

X 

10-10 

1 

0.005 

0.004 

0.002 

10-5 

3.53 

X 

10-10 

1 

0.005 

0.003 

0.002 

10-5 

3.53 

X 

10-10 

1 

1 

0.005 

0.003 

0.002 

10-5 

3.66 

X 

10-10 

i 

1 

0.004 

0.002 

0.002 

10-5 

2.28 

X 

10-10 

1 

0.009 

0.003 

0.002 

10-6 

2.09 

X 

10-10 

! 

0.006 

0.002 

0.001 

lO- 6 

5.35 

X 

10" 11 

! 

0.010 

0.005 

0.002 

10-6 

4.63 

X 

10" 11 

1 

i 

0.013 

0.011 

0.003 

10-6 

3.07 

X 

io-n 

1 

1 

0.008 

0.003 

0.001 

10-6 

2.96 

X 

10-11 

1 

0.007 

0.002 

0.001 

10-6 

2.69 

X 

io-n 

! 

i 

0.010 

0.002 

0.001 

10" 7 

5.35 

X 

10-12 

I 

1 

0.040 

0.016 

0.002 

lO- 7 

5.31 

X 

IO” 12 

! 

0.024 

0.009 

0.001 

10“ 7 

5.86 

X 

10~ 12 

1 

0.018 

0.005 

0.001 

10" 7 

7.65 

X 

10-12 

1 

0.021 

0.004 

0.001 

10" 7 

8.67 

X 

io- 12 

1 

0.023 

0.003 

0.001 

10" 7 

8,90 

X 

io- 12 

1 

i 

0.024 

0.003 

0.001 

10- 7 

9.51 

X 

10" 12 

i 

1 

0.029 

0.003 

0.001 

10" 7 

1.05 

X 

10- 11 

! 

0.047 

0.004 

0.001 

10- 7 

1.09 

X 

10-11 

1 

0.081 

0.006 

0.001 

10-7 

1.19 

X 

10- 11 

I 

0.123 

0.008 

0.001 


iFor a 14 bit M)C and a signal channel dynamic range design margin of 20% 
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T ca 1 ' ,'*i che ; er is greater (Table 3-34). The design dynamic 

51 ?J*T ,S 120 ******* ° f 01686 "“timum^Sance 

values. The DC offset bias (Pig 3-33) employed to prevent a signal voltage 
sign reversal at the ADC input effectively corresponds to a radiance below 

chopper blade temperature. (Note that channel gains for 
individual detectors would be set at assentoly for nominal detector responsi- 

Di 9itization error distribution is rectangular. The standard deviation 
of this rectangular distribution is defined as deviation 


Standard deviation * 


Digitization step size 


(4.3) 


Baseline V uses 14 bit ADC’s for all channels. 


4.2.3 


Calibration Channel Detec tor/ Prearrp Limited Random Radiometric 
Errors 


. schematic diagram of the radiometric calibration timinq se- 

calibration h ^ai? f ig . 4 " 1 - The average radiance readings of 10 sets of 

S 9 2? 3re used . in Baseline V to obtain slope and offset 

values for rsducino r^rii annno fo v * i r ._ M — .* 

i ^ ~ ~;r — occurs scan, jror tne 

scene looks in line scan l, for example, calibration looks for (i - 5) 

sSSTS a y era ged. Calibration target look dwell times are the 

same as scene dwell tomes. Consequently, detector/preamp noise limited 

callbrabion error values and calibration channel digiti- 
zation error values are reduced by a factor of /10. lb a verv close fhot-oy- 

imat3,on the detector/preamp noise limited random radiometric calibration 

SiS a ? rv ? 1 2 ■ calibrat f on channel digitization error component are 

Si 4-10 SviSTbJ^^ 9 Slgna Channel error values listed Tables 4-5 

tion look* 'Tl i wl! ahead " future, using calibration data from calibra- 
tion looks ,i + 1) through (i + 5) in the traveling average, is used to 

7 s e ran P errors m the calibrated signal channel radiances (Para 
J.i. 2). Ramp errors are not part of the "noise like" random radicmetri n 
errors discussed in Para 4.2. There is no compelling reason to choose a 

2Y er f ge °f. 10 calibration looks for Baseline V. Increasing the 

rontH bSd ^rr lin ^ aVer T WOul< ? further re< luce the calibration look 
contribution to the random radiometric error but would probably increase 
the ramp error contribution. 


4.2.4 


Detector/preanp Limited Randan Radiometric Error Summary 


4-1 1 frvr- 4 -v. Q R ^ ndCI I [l - errors in terms of NEAT are summarized in Table 

} for J^e Baseline V instrument configuration. Detector signal channel 

2?^ e ^ r 2 d ^ t Y2 ateS ' . Values listed in Table 4-11 represent the’ standard devia- 

a^dir? r tes£ eSS SiSr^ Ure err ° rS ° f a ■ in ? le £cx *P rint * 10 km nominal 
S } nce the error sources within this group are unoorrelated 

NEAT for these errors is proportional to 1//N, where 

fr^r.^ 4 - f lndl ^ ldual footprint elements combined within a composite 

ErroS dit. *^+v l COrrelateA channel to channel error ocrtponent is negligible. 
Errors due to these sources are uncorrelated with, respect to each other and 
to other error sources. 
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220, 51 sec, (3, 675 min. ) 


S !cl $ 1 c ! s 


24. 312 


sec. 


Cl S 


Ci S 


cl~s~ 


113 


"C" REPRESENTS ONE COLD AND ONE HOT CALIBRATION TARGET DWELL 
PER SPECTRAL CHANNEL PER DETECTOR WHICH OCCUR BETWEEN 
SCENE SCANS 

"S" REPRESENTS 130 SCENE DWELLS PER SPECTRAL CHANNEL PER 
DETECTOR PER LINE SCAN. 


Figure 4-1 


Schematic diagram of radianetric 
calibration timing sequence 


i 
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0.616 



4,3 


Spectral Crosstalk Radiometric Errors 

Spectral crosstalk radicroetric errors are a function of the 
scene spectral profile within the bandwidth of the spectral channel order 
filters. 


Spectral crosstalk errors are not correlated with errors in other 
groups. There is a high degree of correlation from channel to channel and from 
footprint to footprint for scenes having a high degree of homogeneity, conse- 
quently, in the limit, these errors are not reduced by spatial integration of a 
number of individual footprints to form a larger composite footprint. Errors 
in this group are considered nontunable for purposes of analysis. Spectral 
crosstalk radiometric errors consist of; 

• Grating order crosstalk 

• Grating grass crosstalk 

• Slit function wing response crosstalk 

4.3.1 Grating Order Crosstalk 

Order crosstalk in the grating spectrometer can occur when wave- 
lengths corresponding to grating orders other than the desired order fall 
upon the exit slit. Radiation at a given wavelength, X, fran the inlet slit 
at an incident angle, o, will be diffracted by the grating and will impinge 
upon the image plane at a diffracted angle, 0], , in a given grating order, 
rm . Since the AMTS spectrometer uses an echelle grating operating in 
relatively high orders, radiation at a number of undesired wavelengths 
corresponding to other than the desired order will fall upon the spatial 
filter represented by the exit slit. A spectral bandpass order filter is 
inserted ahead of the exit slit to reject these unwanted wavelengths. In 
addition, for some optical configurations, radiation can fall upon the exit 
slit after a number of passes, n, through the system. For example, radiation 
scattered from the image plane at angle 0i will pass back through the system 
at a grating incident angle of 0^ and be rediffracted by the grating. 
Rediffracted radiation in order will, of course, fall on the inlet slit 
at grating angle a. Rediffracted radiation may, however, fall back upon the 
image plane at grating angle 02 in order mg. Ebr a spectral channel cor- 
responding to a grating incident angle of a and a diffraction angle of 0, the 
interfering wavelength for n passes through the spectrometer when n is odd 
is: 


Vi “ 


a(sin 0 + sin a) 


mn - nin-i + + % 

The interfering wavelength when n is even is: 

a(sin 0 - sin a) 

Vi 


(4.4a) 


™n - m^.i + ••• - m x 


(4.4b) 


where 'a' is the grating line spacing. The numerators in fiq 4,4a and 4.4b 
are constants for a given spectral channel for all applicable values of n. 
The denominators can have only integer values of 1, 2, 3, ••• n or -l, -2, 
-3, ••• n, depending upon Whether the numerator is a positive or negative 
constant, for realizable (positive) wavelengths. Consequently, frcm Eq 
4.4a and 4.4b, all wavelengths Which could possibly result in grating order 
crosstalk can be readily determined. (Note that in Baseline V, Where the 
reflective image plane mash — or an out-of-band order filter — directs 
scattered energy out of the optical system, all possible interfering wave- 
lengths are defined by Eq 4.4a Where n is unity.) 

The bandwidth of the interfering signal, Au^, is; 
u i 

Au i = ^ (4.5) 

u 


Where: 


= interfering wavenumber 
o - channel design wavenumber 
Au = channel design bandwidth 

The spectral interference ratio incident upon the spectrometer 
from the target scene for a particular interfering order is the ratio of 
the spectral radiance at the interfering frequency integrated over the 
interfering order bandwidth to the spectral radiance at the design channel 
frequency integrated over the design channel bandwidth. (Note that this 
spectral interference ratio is a function of the scene spectral profile. ) 
Consequently, the resulting spectral crosstalk ratio of the system for a 
particular interfering order is the product of: 

• The spectral interference ratio incident upon the instrument. 

• The relative order filter transmissivity for the interfering 
order with respect to the design order. 

• The relative detector response to the interfering order with 
respect to the design order. 

• The relative transmissivity of the spectrometer optics — exclud- 
ing the order filter — at the interfering order with respect to 
the design order. 

The overall order crosstalk ratio for a particular channel is the ratio of the 
sum of the crosstalk ratios for all interfering orders to the relative response 
of the channel in the design order. 

Grating order crosstalk errors for the Baseline V instrument 
are listed in Table 4-12. For the spectral interference ratio, the sum 
radiances were calculated using a line-by-line atmospheric program developed 


Table 4-12 Baseline V grating order 


crosstalk errors 



01 (cm -1 ) 


Cro^talk 

Ratio 


NEAT 

(K) 


1 606.95 

2 623.20 

3 627.80 

4 634.30 

5 646.60 

6 654.35 

7 665.55 

8 666.85 

9 668.15 
669.45 


1.568E-6 
1.417E-6 
2.Q56E-6 
2 . 325E-6 
2.799E-6 
2.747E-6 
2.529E-6 
2 . 454E-6 
1 • 402E-6 
2 . 035E-6 


1.205E--4 

1.036E-4 

1.245E-4 

1 . 284E-4 

1.431E-4 

1.388E-4 

1.292E-4 

1.258E-4 

9.190E-5 

1 . 128E-4 


11 

12 

13 

14 

15 


875.00 

1040.80 

1 >501 cn 
4. • W 

1650.10 

1700.30 


8.873E-7 

1.259E-6 



3.880E-5 
5 . 780E-5 


16 

17 

18 


1839.40 

1850.90 

1930,10 


19 

20 
21 
22 

23 

24 

25 

26 

27 

28 


2384.00 
2386.10 

2388.20 

2390.20 
2392.35 

2394.50 

3424.00 

2505.00 

2616.50 

2686.00 


1 . 780E-6 
1 . 469E--6 
6 , 934E-6 

1.332E-4 

4.605E-5 

2.768E-5 

1.778E-5 

1.109E-5 

1.021E-5 

9.472E-6 

1.115E-5 

1.714E-5 

2.253E-5 


4.52QE-5 

3.430E-5 

1.960E-5 

2.046E-3 
7 . 789E-4 
5 , 225E-4 
3 , 655E-4 
2 . 406E-4 
2.261E-4 
2 . 149E~4 
2.517E-4 
3 . 738E-4 
4. 786E-4 


by J. Susskind at the Goddard Space Flight Center. The 1976 McClotchey 
Lire Parameter Tape was used as input to the program and the following con- 
ditions were used for the calculation: 

• U.S. Standard Atmosphere. 

• Gaussian slit functions truncated at the 3 sigma level. Base- 
line V half-pcwer channel bandwidths were used. 

o A spectral resolution of 0.005 cm " 1 was used for integration. 

• Effects of atmospheric species H 2 O, CO 2 , O 3 , N 2 O, CO, CH 4 , 
and O 2 were included. 

• H 2 P and Nj continuum effects were included. 

• Analytic CHI molecular band shape function was used, 

• Above approximately 4500 an " 1 all emission was assumed to came 
fran the surface? i.e., Planck radiance at a surface temperature 
of 286.8 K. 


To assess the degree of variability in the spectral interference 
ratios due to differing atmospheric conditions, a limited series of 1 ’ oe-by- 
line calculations were performed using a hot and humid tropical atmosphere. 
These calculations showed that a few spectral interference ratios in the 4.3 
micron wavelength region decreased by approximately 40 percent. Similarly, 
in the 15 micron region, a few spectral interference ratios increased by 
approximately 40 percent. It is estimated that the spectral interference 
ratio values can probably vary by a factor of 2 due to atmospheric conditions 
extremely different from the U.S. Standard Atmosphere. 

All interfering orders with wavelengths greater than the cutoff 
wavelength of the order filter germanium substrates were included. State-of- 
the-art 1 percent half-pcwer bandwidth order filter amplitude vs frequency 
response characteristics having a steep skirt rolloff were used. The normal- 
ized amplitude vs frequency response for these filters is shown in Fig 4-2. 
Relative response in the far field of these filters was taken to be 10“ 6 . 
Relative detractor response at the interfering order wavelength with respect 
to detector response at the de Ign order wavelength was taken into account. 
Relative optical transmissivi v of the spectrometer, excluding the order 
filter transmissivity, for the interfering order with respect to the design 
order was assumed to be unity. In general, the transmissivity at the design 
order wavelength is greater than at the interfering order wavelength. In 
the worst case, the transmissivity at the interfering order wavelength will 
probably not exceed the design order transmissivity by more than 2 : 1 . 

It is estimated that the worst case grating order crosstalk 
errors will not exceed 4 times the NEAT values listed in Table 4-12 for all 
atmospheric profiles and for actual spectrometer optics relative transmissi- 
vities. (Note that NEAT values in Table 4—12 are not lo values, since the 
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RELATIVE TRANSMITTANCE 





4.3.2 Grating Grass Crosstalk 


h ruled grating displays grass (band) scatter which is due to 
randan errors in groove position and depth. Grass scatter fran a nonochro- 
mtic source appears in the image plane of the spectrometer as a band of 

Sif i ° n /r ineCtin l t;he , entrance slit ima ^ es due to different grating 

f °? S lie 0ut8ide the Plane of the diffracted 
radiation. ) This scatter in effect spreads radiation from every wavelenerth 
incident upon the inlet slit over the full width of the SiSTSaST 5^ 
*1 the araount of radiance scattered into the exit slit within 
22 ? f ° rd ? r filter divided ty the radiance diffraSS Sto 

fnno??™ S Ju the design order< Consequently, the scatter ratio is a 
function of the scene spectral profile. 

_ The grass scatter ratio for a scene having a constant amplitude 

vs. frequency spectral profile can be estimated using the equation: 


y r g 

< ll» ct l»3l > < ^2' 0t 2'32 > 

P o Pi 


vhere: 

Pg = (Grass) scattered radiance incident on the detector; i.e., 
scatter within the angle subtended by the exit slit and 
within the spectral bandwidth of the order filter 

g * aii r~ a , adiance per unit angle per unit band- 
width of radiance incident upon the grating 

P Q = Signal radiance incident upon the detector 

Pi -- Radiance incident upon the grating per unit bandwidth 

a = Grating incident angle 

3 = Grating diffraction angle 

X = Wavelength 

BWqf = Order filter bandwidth 


+ sin fa 


"OF 




X 1 sin “2 + sin e 2 / E ff .Au f c(J 


(4.6) 
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t 



t: 


| 


b 

i: 


"Mpr*** *»’■ »«*•%*< ft 




Ef^ = Grating efficiency 
Au = Channel slit function half-power bandwidth 
f c p * Focal length of spectrometer exit collimator 
s W 3 = Spectrometer exit slit width 


Subscript 1 (for X, a, 0, ) refers to the design grating oper- 
ating parameters 

Substript 2 (for X, a, 0, ) refers to grating operating para- 
meters for measured grating grass scatter 

. M / 

The grass scatter ratio? y p o' 
p o p o P 3B 

where: 

/ I do - 
EWqp 

/ Idu (4.8) 

Au 

and: 

Rg - value of R for the atmospheric profile 
= value of R for a blackbody source 


Estimated values for the Baseline V grating grass crosstalk are 
presented in Table 4-13. Grating grass scatter errors are listed for all dhan- 
nels for minimum equivalent target temperatures, assuming a blackbody spectra d 
profile within the bandwidth of the order filter for each channel. Scatter 
errors are also listed for band 1 and band 4 channel'? for the spectral profile 
corresponding to the Standard U.S. Atmosphere, using 0.005 cm ” 1 spectral resol. 
tion for integration, and including the effects of CO 2 , HjjO, and O 3 absorption. 
Au was taken as the channel half-power bandwidth. Note that the NEAT values 
listed in Table 4-13 are not la values,, since the error distribution for all 
atmospheric profiles has not been determined. 

A number of approximations were involved in estimating the grating 
grass crosstalk errors listed in Table 4-13. Measured data for Pg/Pi 
< X 2 , «2* ^2 > w 313 taken frcm Dunning and Minder (Ref 4-1) for a 37° blaze 
grating, since no scattering data for an R2 echelle grating was available. 
Values used were: 


for a specific atmospheric profile is: 

(4.7) 

/ I du 
Au 




h 



n 
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p g K . 

— = 1.5 x 10~5 rad" 1 - 

Pi 

X 2 = 10.6ym 

(*2 - 60° 

32 - 42.2° 

In addition, the scaling factor used, in Eq 4.6 to scale the effect of 
X, a, and 3 is based on grating scalar theory, which is only an approxima- 
tion for low grating orders where grating polarization effects are signifi- 
cant. It is believed, however, that the results obtained give the correct 
order of magnitude for a Baseline V grating ruled on a modem interfero- 
metrically controlled ruling engine. Grating grass crosstalk errors listed 
in Table 4-13 can be increased by two to three orders of magnitude before 
they become significant in AMTS system performance. (Atmospheric spectral 
tapes were not available for calculating crosstalk error for bands 2 and 3. 
Based upon the calculated blackbody errors, however, it is evident that at- 
mospheric errors for these bands would be insignificant.) 

4.3.3 Slit Function Wing Response Crosstalk 

The spectrometer slit function describes hew the instrument re- 
sponds to a constant amplitude signal as a function of wavelength. When 
the Baseline V instrument views a scene, the spectral channel response is 
proportional to the multiplication of the scene spectral profile with the 
instrument slit function within the order filter bandwidth of the channel. 
Since a priori knowledge of the relative spectral radiance of the scene is 
inadaquate to allow consideration of the full order filter bandwidth slit 
function during atmospheric profile recovery, it must be assumed that 
channel radiance meascred by the instrument lies within a narrower "trunca- 
tion bandwidth" as illustrated in Fig 4-3 (a). For Baseline V, the channel, 
truncation bandwidths are taken as 2.548 times the channel half-power band- 
widths, Aup/ 2 * The channel radiance transfer calibration procedure is 
illustrated in Fig 4-3 (b) . This procedure compares scene radiance with an 
interpolated blackbody standard radiance, and returns the estimated inte- 
grated scene radiance within the channel truncation bandwidth, Ngrp. The 
actual time integrated scene radiance within the truncation bandwidth, Ng^, 
cannot be determined; consequently 

Radiance error = |Ngr - Ng-jl (4.9a) 


and 


Fractional radiance error = 


iNgp - Nst! 


(4.9b) 


%T 


It is generally accepted (Petra 3. 1.1. 5) that the instrument slit 
function is closely approximated by the convolution in the image plane of: 
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Table 4-13 Baseline V grating grass crosstalk errors 


CH 

(cm 1 ) 

1 

1 

1 

Grass 

Scatter Error 



T f 

j Por BB at Train j 

Ebr U.S. 

Std. Atmosphere 


j p g/ p ^ 

NEAT(K) | 

V R aP 

Pg/P^) 

NEAT(K) 


1 

606.95 

1 

I 6.305E-7 

3.73E-5 | 

0.829 

5.227E-7 

4.02E-5 


2 

623.20 

I 5.501E-7 

3.15E-5 | 

0.707 

3.889E-7 

2.85E-5 


3 

627.80 

j 5.328E-7 

2.76E-5 j 

0.902 

4.806E-7 

2.91E-5 


4 

634.30 

j 5.106E-7 

2.46E-5 j 

0.959 

4.897E-7 

2.70E-5 


5 

646.60 

I 4.768E-7 

2.07E-5 1 

1.092 

5.207E-7 

2.66E-5 


6 

654.35 

| 4.588E-7 

1.84E-5 | 

1.074 

4.928E-7 

2.49E-5 


7 

665.55 

| 4.364E-7 

1.76E-5 j 

1.225 

5.346E-7 

2.73E-5 


8 

666.85 

I 4.326E-7 

1.69E-5 j 

1.200 

5.191E-7 

2.66E-5 


9 

668.15 

| 4.307E-7 

1.74E-5 | 

0.667 

2.873E-7 

1.88E-5 


10 

669.45 

| 4.279E-7 
| 

4.* f -tij+j ] 

0.981 

4.198E=7 

O OOt! c 
C* • «3«3ri 3 


11 

875.00 

| 9.679E-7 

4.09E-5 | 





12 

1040.80 

j 1.384E-7 

3.62E-5 j 





13 

1231.60 

j 2 . 129E-6 

6.40E-5 | 





14 

1650.10 

| 5.114E-6 

1.04E-4 j 





15 

1700.30 

I 4.363E-6 
1 

8.32E-5 | 





16 

1839.40 

1 

| 5.264E-6 

1.07E-4 | 





17 

1850.90 

j 4.922E-6 

1.00E-4 } 





18 

1930.10 

I 5 . 266E-6 
| 

1.02E-4 j 





19 

2384.00 

I 8.947E-6 

1.20E-4 | 

4.742 

4.243E-5 

6.52E-4 


20 

2386.10 

I 1.922E-5 

2.76E-4 i 

2.734 

5.255E-5 

8.89E-4 


21 

2388.20 

j 9.106E-6 

1.39E-4 j 

1.471 

1 . 339E-5 

2.53E-4 


22 

2390.20 

1 1.814E-5 

2.81E-4 j 

0.967 

1.754E-5 

3.61E-4 


23 

2392.35 

| 9.266E-6 

1.45E-4 j 

0.734 

6.801E-6 

1.48E-4 


24 

2394.50 

j 1.720E-5 

2.69E-4 | 

0.745 

1.281E-5 

2.84E-4 


25 

2424.00 

I 1.262E-5 

1.95E-4 j 

0.994 

1.254E-5 

2.85E-4 


26 

2505.00 

j 8.125E-6 

1.21E-4 j 

0.999 

8.117E-6 

1.83E-4 


27 

2616.50 

j 1.705E-5 

2.44E-4 j 

0.960 

1.637E-5 

3.57E-4 


28 

2686.00 

j 1.015E-5 
1 

1.41E-4 1 
1 

0.955 

9.693E-6 

2.06E-4 



^Reference Eq 4.6 


Reference Eq 4.7 
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• The image of the entrance slit, with 

• The geometric point spread distribution of the spectrometer 
optics (between the entrance and exit slits), with 

• The diffraction line spread function of the instrument aper- 
ture, with 

• The exit slit width. 

Note that foreoptics slit function effects (Para 3. 1.1. 5. 2) are net included 
in this slit function approximation. This is justified for Baseline V by 
the very good optical performance possible with the Schwarzschild foreoptics 
telescope. 


If the grating effectively forms the system aperture, and if 
there is no vignetting ahead of the exit slit of the ray bundle passing 
through the instrument, then the aperture diffraction line spread distribu- 
tion for a adherent monochromatic source is represented toy the grating line 
function characterized by Eq 3.33. When the grating is illuminated toy a 
set of monochromatic point sources, however, where each point source has a 
coherence time, t 0 , then the overall grating line function is the summation 
of the autocorrelation line functions for all of the individual point 
sources. Figure 4-4 illustrates the effective length of the grating — in 
terms of the number of grating lines, N — vs time for a single coherence 
time interval, r 0 , for a single point source. The maximum optical path 
difference, OPD, is 


OPD = aN 0 (sin + sin (4.10) 

where N 0 is the maximum number of grating lines, "a" is the grating line 
spacing, and is the grating incident angle. All grating lines are 
effective for a period, xj_, where 


T 1 = T o 


r 0 c - OPD 


IqC 



(4.11) 


where c is the velocity of light. As a coherent length of radiation sweeps 
on to and off of the grating, a lesser number of grating lines, Nj_, are ef- 
fective for a period, At: 



OPD 


nc 


where n is the number of Ax intervals each side of x^. 


(4.12) 


Ax 


(i - l)Ax + — 2 


N-i 


N r 


T o - T 1 


N, 


2n 


(2i - 1) 


(4.13) 
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(a) RELATIVE SLIT FUNCTION 
BANDWIDTH RELATIONSHIPS 



WHERE: 

N' T * ESTIMATED INTEGRATED SCENE RADIANCE WITHIN 
31 TRUNCATION BANDWIDTH 
N, t ■ TRUE INTEGRATED SCENE RADIANCE WITHIN 
31 TRUNCATION BANDWIDTH 
he - TRUE INTEGRATED SCENE RADIANCE WITHIN ORDER 
3 FILTER BANDWIDTH 

N r ■ COLD CALIBRATION TARGET INTEGRATED RADIANCE 
u WITHIN ORDER FILTER BANDWIDTH 
N h ■ HOT CALIBRATION TARGET INTEGRATED RADIANCE 
11 WITHIN ORDER FILTER BANDWIDTH 
N r , - TRUE COLD CALIBRATION TARGET INTEGRATED 
u RADIANCE WITHIN TRUNCATION BANDWIDTH 
N ht > TRUE HOT CALIBRATION TARGET INTEGRATED RADIANCE 
m WITHIN TRUNCATION BANDWIDTH 
V r , V,, V„ ■ INSTRUMENT SIGNAL CHANNEL VOLTAGES 
u 3 M CORRESPONDING TO N c , N s , N h 

(b) CHANNEL RADIOMETRIC 
TRANSFER CALIBRATION 
PARAMETERS 


Figure 4-3 Slit function wing response crosstalk parameters 
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when 1 presents the i At interval and Nj is an integer. The area-solid 
angle product, Aft, at any time is proportional to Nj,« consequently, relative 
pewer equals Ni/Nq. ^ The normalized relative intensity of the grating line 
function as a function of the i® At interval, (i/Iq)^, can be calculated from 

Eq 3.33 with L replaced by N-ja. The overall relative grating line func- 
tion is then 


o 



+ W r 




(4.14) 


where the weighting functions, Wi and W 0 , are 


N-i 


Wi rn 2 


Nr 


At 

*0 


2N-; 


N, 


T 1 


OPD 


T o t q c 


OPD 


o nT o G 


% < N 0 
N « N 0 


For an average coherence time, t q , of 10” 8 sec, solution of Eq 4.14 shows 
that noncoherent source radiation increases the half-power line width of the 
Baseline V diffraction line function by a factor of -1.1 and increases the 
relative wing response by a factor of -4. 

A representative set of Baseline V slit function response plots 
are shown in Fig 4-5. An average cohrence time, t , of 1(T 8 sec was used. 
The geometric point spread distribution was represented by a cosine function, 
between -ir/2 and ir/2, which was a "best fit" to the ray trace deter- 
mined geometric point spread distribution for each channel. The inverse 
t f ans f orm r€K 3 u i red by the convolution theorem was computationally 
llldefined using all four functions. The approach used was to apply the 
convolution theorem to the entrance and exit slit functions and to the 
geometric point spread distribution, and then to numerically evaluate the 
convolution of this function and the aperture diffraction function as 
denned by Eq 4.14. 

„ Calculated slit function wing response crosstalk errors for the 
JJ'®’ atmosphere are listed in terms of percent radiance and NEAT 
in Tabie 4-14 for selected channels. A spectral resolution of 0.005 cm"! was 
V se ? integration for all channels. (No Band 2 and Band 3 channels were 
included because spectral profile tapes having the required spectral resolu- 

”°5 at JPL ’ ) Errors were ^ calculated for all channels 

in BaM 1 and Band 4 because of the conputer time required. An effort was 

made, however, to select the "worst case" channels for analysis. (Note that 

1 l Ta ^ le 4 " 1 ? are "ob la values, since the error distri- 
bution for all atmospheric profiles is not known. These ara calculated 
values for a particular profile.) 
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(b) GRATING EFFECTIVE 
LENGTH VS TIME 


Figure 4-4 Baseline V grating coherence time parameters 
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Table 4-14 Baseline V slit function wing response crosstalk errors 


CH 

V 

(cm" 1 ) 

Au 

(cm -1 ) 

Truncation 

Bandwidth 

(cm" 1 ) 

Order 

Filter 

Bandwidth 

(cm -1 ) 

Crosstalk 

Radiance 

Error 

(%) 

Error 1 

NEAT 

(K) 

1 

606.95 

0.50 

1.274 

6.0695 

0.1380 

0.1069 

2 

623.20 

0.50 

1.274 

6.2320 



3 

627.80 

0.50 

1.274 

6.2780 



4 

634.30 

0.50 

1.274 

6.3430 



5 

646.60 

0.50 

1.274 

6.4660 



6 

654.35 

0.50 

1.274 

6.5435 



7 

665.55 

0.50 

1.274 

6.6555 



8 

666.85 

0.50 

1.274 

6.6685 



9 

668.15 

0.50 

1.274 

6.6815 



10 

669.45 

0.50 

1.274 

6.6945 

0.0679 

0.0381 

11 

875.00 

0.75 

1.911 

8.7500 



12 

1040.80 

1.00 

2.548 

10.4100 



13 

1231.60 

1.00 

2.548 

12.3100 



14 

1650.10 

1.30 

3.312 

16.5010 



15 

1700.30 

1.30 

3.312 

17.0030 



16 

1839.40 

1.50 

3.822 

18.3940 



17 

1850.90 

1.50 

3.822 

18.5090 



18 

1930.10 

1.50 

3.822 

19.3010 



19 

2384.00 

2.00 

5.096 

23.8400 



20 

2386.10 

2.00 

5.0% 

23.8610 

0.2095 

0.0357 

21 

2388.20 

2.00 

5.0% 

23.8820 



22 

2390.20 

2.00 

5.0% 

23.9020 



23 

2392.35 

2.00 

5.0% 

23.9235 



24 

2394.50 

2.00 

5.0% 

23.9450 



25 

2424.00 

2.50 

6.370 

24.2400 



26 

2505.00 

2.50 

6.370 

25.0500 



27 

2616.50 

2.50 

6.370 

26.1650 



28 

2686.00 

2.50 

6.370 

26.8600 

0.0227 

0.0046 

iFor U.S. Standard Atmosphere 
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4.3. 3.1 


StSS 86 Croestalk Uncertaintie s J Design Options, and 


^ response crosstalk errors are uncorrelated with other error 

tSSS^^ZS??: a Mgh ° J Elation fSn Z 

0,086 errors “ e «* significantly reduced in the 
are total rlfj crosstalk error values listed in Table 4-14 

“is gsjjii ,rs“s ter 

3SE^ 

of SS T rat ? f? r the ,,tean difference of tte set 

TT p l~ es , tor tuning, the variation in scene wina sDeotrai 
tion f ran this mean results in * nontunable rad i^xTe^^vlr aiv2 
slit function responses within the bandwidth of ^ order^ilter ?l!n 

seS^scene^StS? SS iL^™ 3 th ® blackbcx3 ^ calibration soured) and a 
JSoSiS? iSE? S®^^ 08 ^espe^ing to a statistical set of 
be determined thttXKfr cSSter^Sr 1 tunabl ® ra dicmetric error values could 
nodeling'haT'n^^S; ° f *“ Calibrati ™ P^ure. Such 

ssss “ sa?aMS « 

iztzsasr arsr 

necessarilv tbp !amo ri j! en ^ slit function for a coherent point source is not 

3 ?^ 

diffracting aperture for wavefronts originating at a point within 
fi^ST ta S 6 ^’ The is illuminated by these^diffracted 

^ their P* 386 centers at the center of the inlet slit nbp 
Jf*? ° f / ach °f th ? se ficl^ covers a conparatively shSt LSh of 
coveSd Sf OTm bTft ^ce. The entire length of the gratirS is ’ 
witeiftee cSS!rti£ SJaS R ° ri S^\ ing ^different spatial positions 

result?™ =??? i S . 4lstribute3 POly^teOTatic sources, the 

resulting instrument slit functions are very similar for both cask. At the 
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detail radiometric level, however, there is some spatial weighting of the 
illumination over the grating aperture, and there are probably seme differ- 
ences in the equivalent half-power bandwidths and in the wing responses of 
the slit functions. The effects are stable and, except for some residual 
wing response crosstalk error, could be corrected via prelaunch radiometric 
calibration of the apparent emissivity of the hot and cold calibration 
targets or could be compensated by system tuning. A more detailed evalua- 
tion of these error components could be performed by computer modeling. 

Again, such modeling has not been performed. 

The basic method of calculating slit function response presented 
in Para 3. 1.1. 5 was used to determine Baseline V slit function character- 
istics plotted in Fig 4-5 and to estimate slit function wing response 
crosstalk errors listed in Table 4-14. This generally accepted method is 
valid for optical configurations which us? the detector in the image plane. 
Subsequent to the conceptual design for baseline V, however, we have begun 
to have doubts about the validity of this method when the detector is in a 
pupil plane; i.e., when the grating is imaged upon the detector as in 
Baseline V. When the collimated field from a coherent point source falls 
upon a diffraction grating it is disassociated into a set of individual 
fields, one for each grating groove. Each of these fields is spread over a 
relatively wide spatial angle in a plane normal to the length of the grating 
grooves (for a zero out-of-plane incident angle). At infinity the individual 
fields from all grating grooves become spatially coincident and add vecto- 
rially to produce the relatively narrow grating line function defined by Eq 
3.33. The integrated amplitude of this line function contains radiometric 
information and its angular position contains spectral information. For 
the purpose of argument, assume that an exit decollimator is now placed one 
fecal length fran the grating. The individual fields fran the grating 
grooves are concerted into plane waves Which pass through a common area in 
the image plane of the instrument. The individual fialds from all grating 
grooves, When summed vectorially in the image plane, produce the narrow 
grating line function Whose integrated amplitude contains radiometric 
information and Whose angular position contains spectral information. When 
a field lens is used behind the image plane to focus the grating image upon 
a detector the individual groove fields are spatially disassociated and, in 
the limit, are focused upon the detector as parallel lines. Under these 
conditions the integrated detector output would contain radiometric infor- 
mation but no spectral information. If a relatively narrow exit slit is 
now placed in the image plane it acts as a diffracting aperture for the 
individual groove fields. These individual diffracted fields with phase 
centers at the center of the exit slit width new overlap a number of equiva- 
lent groove widths in the pupil plane. The detected vectorial sums of the 
overlapping fields contain both radiometric and spectral information. For 
the Baseline V instrument, the ncuriber of grooves Whose fields overlap at 
any given point at the detector is considerably less than the tc.'aal number 
of grooves on the grating. Consequently, fer this alternate model of slit 
function formation, we suspect that the ins>. .ament slit function half-power 
bandwidths would be somewhat wider and the wing responses would be consider- 
ably higher than originally calculated. 

Assuming that the alternate slit function model .is the correct one 
for the Baseline V configuration, it is believed that the effect on half-power 
channel bandwidth would not be a problem but that the effect on slit response 
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a prdblem - 111118 problem could be effectively elini- 
^r^ n f f S!^ er . fllta f b ? ndw ?- dth 001,1(3 he reduced frcm 1 percent to 0.25 
jH-h^ ^^ssivities would be less for narrower bandwidth order 
1 addltion ' lt would he ™°re difficult to control center frequency 
a ” d 1 f 5 eq J?® ncy response characteristics for these very narrow filters When 
S C ? nV ! rging beam and at the operating temperatures to be encoun- 
tered in the instrument. Order filter bandwidths as narrow as 0.25 percent 
are probably .unpractical for this application. ** 

At Tpr 4 -v.o ®^°^ r ? neter8 h» ve been built with detectors in a pupil plane. 

™ iOT ™ ,ltldetect °r) spectroradianeter used for balloon and 
^ thS early ^ aaea of bhe AMTS study used this configu- 

? anne !‘ half- P ower bandwidths measured for this instrument were^ 
close to the values expected using the conventional method to determine 

’ W i ng responses for this instrument were not meacured. 
We have not found anyone who has measured slit function wing response for a 
spectrometer having this configuration. This uncertainty <2u5 b^sSveS 
modeling 1761110 ^ 3 ^ 3 Suitable la boratory test instrument and/or by corrputer 

, ^ von 11 t3ie instrument slit function wing response is signifi- 
cantiy degraded withjrespect to the performance estimated in Para 4.3?3, 

ZT izz7: 37“ systm P erfonranee may not be serious. Tb the extent that 
the ratio of the integrated energy within the wings of the slit function 

bandwidth) to 016 integrated energy within the 
^ >andwidbb 18 a ^stant for a given channel for all profiles, 

2® J? \ XS Thls ratl °' in is a function of the width of 

the truncation bandwidth and of the width of the order filter bandwidth. 

These ratio and bandwidth limits have not been explored. 

4 ’3 *4 Spectral Crosstalk Radiometric Error Summary 

Grabil ?9 order crosstalk errors and grating grass crosstalk 
ne ? 1 S lble ' ever \ ta3d - n 9 into account the uncertainties in the 
data bases and the computational accuracy limitations for these error 

sources. Slit function wing response crosstalk errors may be sianificant 
in terms of limiting IMS performance. Whether or not SL is 

o^f S ^ P ° n , UnCerta i" tles the “Nation of overall wing response 
crosstalk values, and upon what portion of the overall error couldbe 
reduced by system tuning. 

4,4 Polarization Radiometric Errors 

Polarization radiometric erro;*s consist of: 

• Scene polarization effects 

• Scan mirror polarization effects 

, . . Hrese error sources result in nontunable individual £oof-r>Hnt- 

^•?’ 1Ch 'i n genera1 ' “• “* redact to Se^sSS 1 " 1 

footprint. In addition, these error sources can result in a significant 
channel to channel correlated error component. ^ 
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4.4.1 


Scene Polarization Effects 


Scene polarization radiometric errors are a function of both 
scene polarization and of instrument polarization sensitivity. Scene 
polarization is primarily due to the presence of sunlit clouds or ground 
haze in the footprint field of view, and occurs primarily at the shorter 
wavelengths (bands 3 and 4). Scene polarization error is a function 
of the sun/ scene/ spacecraft angle. There is a high degree of correlation 
fran channel to channel and from footprint to footprint for scenes Which 
have a high degree of homogeneity; consequently, in the limit, these errors 
are not reduced in the composite footprint. 


If specular reflection of solar radiation from the surface is 
neglected then the primary source of scene polarization is due to scat- 
tering of solar radiation fran clouds and ground haze. Ebr purposes of 
this AMTS error analysis it is assumed that specular surface reflection can 
be ignored because of the relatively small nurrtoer of footprints affected. 

It is also assumed that the circular polarization component from the plane- 
tary atmosphere is negligible (Ref 4-2). Consequently, scene radiation 
consists of solar radiation scattered from clouds or haze plus thermal 
radiation. The scattered radiation consists of an unpolarized oanponent 
and a linearly polarized oanponent. The thermal radiation is unpolarized . 

The degree of scene polarization is defined as: 


Scene Polarization = 


p pol 

p unpol + p pol 


(4.15) 


Where 


p pol ~ linearly polarized part of source radiant flux 


p unpol “ unpolarized part of source radiant flux 


For the AMTS satellite instrument viewing the atmosphere 


N v(s) w ypol(s) 

Yin Youfc — 

P 01 __ N v(o) N v ( s ) 

p unpol + p pol H v N v ( s ) 

N v(TH) + Yin Yout 

11 N v (o) 


(4.16) 
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Where 


H v = spectral solar irradiance at the top of the atmosphere 
(W/cm 2 •cm -1 ) 

Yin “ atmospheric transmittance from the top of the atmosphere 
to the cloud top 

fout ~ atmospheric transmittance from the cloud top to the top 
of the atmosphere 

N v(g ) = actual total reflected spectral solar radiance 
(w/ cm 2 *sr •cm”-*- ) 

N v ( 0 ) “ reflected spectral solar radiance, assuming a Lambertian 
reflection with a reflectively of unity 

N vpol(s) = linearily polarized component of reflected spectral 
solar radiance 

n v(TH) = unpolarized thermal spectral radiance 

The ratio, N V p 0 ij g )/N v ( g ) , is the polarization factor of the 
scattered solar spectral radiance and the ratio N v ( g )/N v ( 0 ) is the rel- 
ative scattered solar spectral radiance at the clcud top. Equation 4.16 
defines the total scene polarization at the top of the atmosphere. 

The relative radiometric polarization error for a grating 
is: 


Rel. Error 


Ppol 

Punpol + Ppol 


El - Ell 
El + Ell 


(2 


cos 2 <$> - 1) 


(4.17) 


Where 


Ppol 

Punpol + Ppol 


polarization of the radiation incident on the 
grating (Eq 4.16) 


El - Ell 
El + EH 


grating polarization factor 


El = relative grating efficiency for radiation 
polarized perpendicular to the grating 
grooves (S-plane) 


El = relative grating efficiency for radiation 
polarized parallel to the grating grooves 
(P-plane) 


= angular displacement of the linear polarization 
vector aligment with respect to the P-plane, 

(Where <J> is defined between 0 and 90 degrees) 

For <f> - 45°, the scene polarization radiometric error is zero, 
regardless of scene polarization. For <J> = 0® or 90“ the polarization 
radiometric error contribution of the instrument is a maximum. Under these 
conditions, Eq 4.17 reduces to 


Rel. Error (max) 


p pol 


Ei 


- El 


p unpol + p pol 


Ei + El 


(4.18) 


The relative radiometric scene polarization error for the AMTS 
with the instrument grating effects maximized can be calculated by sub- 
stituting Eg 4 . IS into Eg 4 . 18 • 

Estimated Baseline V worst case scene polarization radiometric 
errors due to sunlit clouds are developed in Table 4-15 for bands 3 and 4. 
Atmospheric transmissivity was calculated for clouds at a pressure height 
of 250 rrbar for the tropics, 500 ntoar for midlatitudes, and 700 rrfoar in the 
polar regions. The cloud top scatter ratio and cloud top scatter polari- 
zation factor for optical thicknesses of 4 or greater were taken from Hansen 
(Ref 4-3) for a wavelength of 3.4 ym. (Hansen's results for typical clouds 
are shewn in Fig 4-6.) Single scattering results from Hansen were compared 
with single scattering results calculated by JP!L over the AMTS frequency 
range as an aid in interpolating Hansen's multiple scattering data. The 
AMTS can encounter all scattering angles between approximately 20 and 160 
degrees. In general, this includes the scattering angles corresponding to 
relatively large scene polarization. The scattering ratio and cloud top 
polarization ratio for channels 16 through 28 were assumed to be the same 
as at 3.4 ym. These assumptions may be pessimistic for the 3.7 ym to 
5.4 ym wavelength region. (These values could be better determined by 
performing multiple scattering calculations over the AMTS wavelength range of 
interest for a statistical set of cloud types and ground haze.) It was 
assumed that the relative scattered intensity for the longer wavelengths of 
bands 1 and 2 would be very small so that polarization effects could be 
neglected. In view of the relatively large grating polarization factors 
expected in the low grating orders used for the Baseline V long wavelength 
channels (Para 3. 1.1.2) this assunption may be optimistic. We have no 
model for calculating grating polarization factors for the grating angular 
relationships used in the Baseline V instrument. The grating polarization 
factors listed in Table 4-15 are rough estimates made from available mea- 
sured polarization data on a nunfoer of Bausch and Lcmb R2 gratings used in 
a near-littrcw monochromator configuration (Fig 3-12). More accurate 
gifting polarization factor values could be obtained by measuring sample 
gratings at the AMTS grating orders and angles. 
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INTENSITY , % POLARIZATION 





Actual polarization errors are a function of 
Cloud cover 
Cloud type 

Sun/scene/satellite angle 
• Scan angle 

available to accurately determine polarization error 
S ; The 3 a polarization errors in Table 4-15 are very rough 
statistical estimates. 

Table 4-15 shows that the channel to channel relative radio- 
to .r •“ ********* can be rather large? SS 

Sr £ ? ^ in f polarization factor is not necessarily the same 

S [ Fi< 3 3-12). in addition, cloud top scatter ratios 

^T^^ r i!?S° n ri aCt ^ rS «°t the same for all channels, as assumed 
in Table 4-15. The channel to channel correlated error component for 
this error source could approach the algebraic sum of the individual 
channel scene polarization radiometric error components. 

4.4.2 Scan Mirror Polarization Effects 


, . Fo T an ^Polarized scene some polarization is introduced into 
^ ^ *** ? ratin9 reflection from the metal mirror 
Z S® 6X ! L f” t t1 ? at thls Induced polarization is the same for the 
^l^ation targets no residual radiometric error is 

scanumirror T * US cc * ldltical hoIds for all mirrors except the 45 degree 


The polarization introduced by the scan mirror is a constant. 

6 ^ Gide ? t VP° n **» gating, however, is a function of 
scan mirror position. The relative polarization radiometric error as a 
function of scan mirror angle is defined by Eg 4.17 when <J> is taken as the 
scan mirror angular position with respect to the nadir or zenith. Relative 
error as a function of scan mirror position is listed in Table 4-16. Note 
that scan mirror polarization error is zero for a scan angle of 45 deqrees, 
a scan an g le of zero. When the calibration targets Se 
J 5 degrees - as in Baseline V — there is no residual error at 
^.® nds r P f the crosstrack line scan and the residual error is a maximum at 
nadir. The peak error could be halved if calibration targets were placed 
at 30 degrees, but the layout does not allow this (Fig 3-30). If calibra- 
^°T.^ rg f t8 ™r re Placed at 90 degrees, the Baseline V peak error would be 
doubled at nadir, and would be one half the peak value at the ends of the 
line scan. In arty case, the effects of scan mirror induced polarization 
tio^data 3 funCtl ° n of scan 30916 0001(1 1x2 removed using prelaunch calibra- 


.... Scan mirror induced polarization radiometric error estimates 
are listed in Table 4-17. The scan mirror polarization factor and the 
grating polarization factor were taken as the worst case channel values 


Table 4-16 Relative scan mirror induced polarization radiamettxc error 
as a function of scan angle 


Scan Relative 

Angle Error 

4. (deg) 2 cos 2 0-1 Remarks 


0 1 


Nadir or zenith scan angle 


30 


0.5 


Optimum calibration target angle 

"End of line scan" angle. Actual 
calibration target angles 


45 


0 





for each band. The worse case relative peak scan mirror polarization 
error corresponds to the nadir scan angle. The resulting worst case 
( *3 <j) radiometric error components are relatively small, and it is prob- 
ably not worth while to attempt to calibrate operational data vs. scan 
angle; . 


The channel to channel correlated error component for this 
error source could approach the algebraic sum of the individual channel 
scan mirror induced radiometric error components . 

4.4.3 Polarization. Error Uncertainties, Design Options, and Con- 

straints 

Uncertainties in the relative intensity and polarization fac- 
tor of radiation scattered from cloud tops could be reduced by performing 
multiple scattering calculations for the AMTS criannels for a statistical 
set of cloud and ground haze characteristics and sun/satellite/scene 
angles. Uncertainties in instrument polarization sensitivity could be. 
reduced by measuring sample gratings under AMTS angular conditions. Fin- 
ally, to evaluate the operational system significance of scene polari- 
zation errors, the spatial and temporal distribution of sunlit cloud 
fields should be considered. 

Three approaches have been identified for effectively elimi- 
nating the effects of scene polarization error. 

The first approach would increase satellite altitude to the 
point where successive crosstrack swaths at the equator were contiguous. 

This would result in full earth coverage twice in each 24 hour period, 
once on the dark side and once on the sunlit side of the planet. Night 
side coverage is free of scene polarization effects. Paragraph 3. 1.1. 6 
shows that full earth coverage could be obtained twice a day for an alti- 
tude of 1350 km or higher. The scaling equations, 3.10 and 3.22, shew that 
this would result in a detector/preamp limited random radiometric error 
penalty of 18 percent for the spatial resolution of Baseline V. Note that 
if two satellites were used in properly synchronized orbits, this same 
twice-daily coverage could be obtained with no radiometric error penalty 
for orbits between approximately 700 and 1350 km. 

The second approach would use the grating in the scalar domain 
— i.e., in higher orders — where the polarization sensitivity of the in- 
strument would be effectively eliminated. This approach would require a 
multiblazed grating in order to naintain an adequate angular bandwidth for 
the higher orders (Para 3.1. 1.2). This approach would result in more para- 
sitic grating orders with significant output power levels which could 
reduce grating efficiency significantly in the desired orders. The use of 
higher orders, however, would allow more flexibility in the layout of the 
image plane. It might be possible to group higher order channels into a more 
narrow angular bandwidth than that of Baseline V. A rough estimate is that 
this approach would approximately dcxible the detector/ preamp limited random 
radiometric error calculated for Baseline V. A multiblaze dual vector 
grating efficiency model could be developed, using the approach of Para 
3.1.1. 2 and Appendix C, Which would allow an accurate performance evaluation 
for this instrument approach. 
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A third approach would use a wire grid polarizer in the 
diverging beam of the spectrometer between the inlet slit and the inlet 
collimator. This polarizer would be spatially rotated (switched) 90 de- 
grees during each IPCW dwell interval. Thus each footprint would be viewed 
twice in order to measure orthogonal polarization conponents of the scene 
— or calibration target — radiation. These two orthogonal conponents 
would be summed during ground based data reduction to yield correct total, 
radiance values for each footprint. Insertion of the wire grid polarizer 
would significantly reduce the optical transmissivity of the instrument. 

The required slew time for rotating the polarizer would reduce the effective 
footprint dwell time. It is estimated that this approach would increase 
detector/ preamp limited random radiometric error calculated for Baseline V 
by approximately a factor of 3. The downlink date rate (Table 3-35) would 
be increased by almost a factor of 2. 

4.4.4 Polarization Radiometric Error Summary 

Scan mirror induced radiometric errors are negligable. Based 
upon estimated values for scene polarization errors, it appears that this 
error source would be a limiting factor on system performance in the pre- 
sence of sunlit clouds. This is particularly true because of the rela- 
tively large channel to channel correlated error component. It is believed 
that the polarization sensitivity for the Baseline v instrument — which 
operates at grating orders below the scalar region — would be much greater 
than that of the HIRS-2 filter wheel instrument. Techniques are available 
for effectively eliminating these polarization radiometric errors. These 
approaches require trade-offs involving either significant constraints 
upon orbit selection or a significant increase in detector/preamp limited 
random radiometric errors. 

4.5 Spatial Crosstalk Radiometric Errors 


Spatial crosstalk occurs w/hen a portion of the energy ori- 
ginating within a pixel is scattered into other pixels. Energy from other 
pixels is also scattered into the first pixel. Crosstalk error is the 
difference between total energy scattered out of the pixel and total energy 
scattered into the pixel. Spatial crosstalk errors are scene dependent, 
with error values a function of relative pixel radiances and relative pixel 
locations. Spatial crosstalk error is zero for a scene having no contrast. 

Spatial crosstalk error sources consist of: 

• Aperture diffraction 

• Gas check scatter 

• Scan mirror BRDF 

• Telescope and collimator mirror BRDF 

• Collimator corrector lens scatter 

• Grating diffuse scatter 
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• Grating mask scatter 

• Image plane mask scatter 

Spatial crosstalk due to aperture diffraction and to scat- 
tering from surfaces ahead of the field stop (inlet slit array) includes 
the effects of many pixels. The remaining error components include only 
the effects of the 16 pixels defined by the inlet slit array. Spatial 
crosstalk errors from all of these sources are correlated with each other, 
but are not correlated with other error sources. Some spatial crosstalk 
error sources result in error values vfriich are a function of channel 
wavelength; consequently, there can be a relatively large spatial cross- 
talk channel to channel correlated error component. Spatial crosstalk errors 
are not reduced by system tuning. In general, individual footprint spatial 
crosstalk errors would be somewhat reduced in the corrposite footprint. 

The degree of this error reduction would be scene dependent. Under suitable 
conditions spatial crosstalk errors can be effectively eliminated by a decon- 
volution of the image during ground data processing. 


Spatial crosstalk errors can be treated component by component. 
Since the total system crosstalk error is effectively the algebraic sum of 
the individual component errors, for some purposes it is more appropriate 
to treat it in terms of total system error. Measured radiance value** can 
be expressed in terms of true scene radiance values and instrument radiance 
transfer ratios as 

N<$ * N 0 + l TRi (Ni - N 0 ) (4.19) 

i 

where 

Nq = contaminated (measured) radiance valuo in footprint o 
N 0 = true radiance value in footprint o 
% = true radiance value in footprint i 

TRi = fraction of energy originating in footprint o that spreads 
into footpiint i, or vice versa (radiance transfer ratio) 


Consequently, spatial crosstalk radiance error can be expressed as 


NEN = N5 - N 0 


l TRi (Ni - N 0 ) 
i 


(4.20) 


In order to simplify estimation of Baseline V spatial crosstalk 
error components, a worst case condition is assumed where a clear footprint 
(pixel) having an effective channel temperature corresponding to Tmin (Table 
2-1) is ccnpletely surrounded by sunlit clouds. The effective channel thermal 
radiance of the cloudy pixels is assumed equal to that of the clear pixel. 

For such conditions, from Eq 4.20 
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xv r 




NEN(3cr) * tTR (%• + Npg - 1%) I 
Which reduces to 

NEN(30) * TR N^g (4.21) 

Where 

1% » thermal radiance from each pixel 

Nrs * reflected solar radiance from each cloudy pixel 

TR » l TRi 
i 


4,5.1 Aperture Diffraction Spatial Crosstalk 

Diffraction spreads the energy emitted from a source into a 
pattern that stretches from plus to minus infinity. In an optical system, 
the aperture causes diffraction of the energy in each footprint (pixel) 
that is seen by the system. 


In the calculation of the AMTS aperture diffraction spatial 
crosstalk, the grating mask aperture was projected forward into the 
Fraunhofer region in front of the foreoptics. The first order diffraction 
spread from the image of the aperture is equivalent to the diffraction 
spread from the aperture itself. The Fraunhofer diffraction spread for 
a particular wavelength from a rectangular aperture is 


1(0,0) / sin m \ 2 

1(0,0) \ m / 



Where 


m = 


n 


1 ( 9 , 0 ) = 

0 = 

0 = 
X = 
x = 

y = 


ttx sin 0 
X 

ny sin 0 
X 

normalized intensity at (0,0) 
diffraction angle in the x direction 
diffraction angle in the y direction 
wavelength 

width of the aperture 
height of the aperture 


(4.22) 
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The aperture diffraction Kidiancc transfer ratio® are found by 
convolving the diffraction spread pattern (Eq 4,22) with an entrance 
slit element ard then integrating over the angular limits of the pixels. 
Figure 4-7 shows the diffraction spread from a rectangular aperture. Most 
of the energy lies along the perpendicular arms of the coordinate system. 

For reasons of symmetry, only the transfer ratios for one quadrant need be 
calculated. Some of the outer pixel transfer ratio values were extra- 
polated from the inner pixel data. 

Aperture diffraction spatial crosstalk errors for selected 
channels are listed in Table 4-18. Worst case radiance errors were esti- 
mated using Fq 4.21. This worst case calculation was assumed to be 
the 3a condition. The NEAT values shown in Table 4-18 jure the worst case 
values divided by three, 

4.5.2 Gas Check Scatter Spatial Crosstalk 

Refractive elements display two different types of scatter, 
bulk scatter and surface scatter. The scatter from transparent materials 
travels both forwards and backwards, so the total amount of scattered 
radiance is the sum of the radiance that scatters forward and the radiance 
that scatters backward from the material. The backscatter f ran the gas 

c % f a ’S’Tto rnrH?incfi sc&tit.6r6d into pixel sine© til© 

backscatter travels out of the instrument and never reaches the linage 
plane. Backscatter from a pixel merely affects instrument transmittance. 
Consequently, only forward scatter contributes to spatial crosstalk. 

Scheele (Ref 4-4) bias measured the scatter of several infrared 
transparent materials. The Baseline V gas check is made of KBr (potassium 
bromide) . KBr was rx>t one of the materials Scheele measured. However, all. 
the materials given in the paper had scatter characteristics that were 
similar, so it was assumed that KBr had a scatter characteristic similar to 
the measured data. 

The gas check’ s position is in front of the field stop which 
means that it views many footprints. Transfer ratios were calculated by 
integrating the normalized scatter curves over the angles of interest for 
two wavelengths (usually HeNe lines). The transfer ratios were assumed 
to vary linearly with wavelength. 

Spati al crosstalk worst case radiance error components were 
calculated using Eq 4-21. Table 4-19 shews the transfer ratios and the 
estimated la NEAT errors. The estimated la value is the worst case value 
divided by three. 

4.5.3 Scan Mirror BRDF Spatial Crosstalk 

The Bidirectional Reflectance Distribution Function (BRDF) is 
a measure of the amount of incident energy on a surface scattered out of 
the reflected specular direction. BRDF is defined as the ^ reflected radiance 
from a mirror divided by the incident irradiance on the mirror, 
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Table 4-18 Baseline V aperture diffraction spatial crosstalk 


Nrs 


Radiance 


CH 

V 

(an -1 ) 

( >---—) 
Van-* sr an -1 / 

Transfer 

Ratio 

TR 


NEAT 

la 

(K) 

. f: 

|.;|i 

* 

■ i 

1 

606.95 

3.30 x 10-3-0 

3.84 x 10-- 

230 

<0.001 


10 

669.45 

5.28 x 10 -10 

3.33 x 10“2 

199 

<0.001 


12 

1040.80 

3.59 x 10 - 9 

1.98 x 10-2 

198 

0.001 

■> 

17 

1850.90 

1.79 x 10-8 

1.20 x 10-2 

233 

0.095 

\\ 
i j 

20 

2386.10 

1.10 x 10-7 

6.87 x 10-3 

222 

1.056 

l 

tt 

ft 

28 

2686.00 

2.24 x ID” 7 

5.81 x 10-3 

232 

3.274 
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(4.23) 


dN r (9 r ,0 r ) 

BDRF - f(9i,0i;e r ,0 r ) — " 


c3N r ( 0 r»0r) 


Ni(9i,0i)dni 


Where 


Hi(9 i( ,0i) 


Ni(9i,0i) 

N r ( 9r»0r) 


d«i 


Irradiance incident on the mirror from the 0 i,0i 
direction (Fig 4-8) 

Radiance incident cn the mirror from the 9^,01 
direction 

Radiance reflected or scattered from the mirror in 
the 9 r ,0 r direction (Fig 4-8) 

Projected solid angle - (cos 0 i sin 9^) d9^ d0£ 


BRDF has the units of ( sr” 1 ) . Equation 4-23 can be rewritten 


N r (9 r ,0 r ) = J f(9i,0i;9 r ,0r) N i( 0 i'0i> (4,24) 

To simplify the integral the scan mirror was assumed isotropic 
(r» <Ai dependence) and Ni(0i,0i) was assumed constant. Measured BRDF data 
was found in a report by Scheele (Ref 4-5) . Unfortunately, the BRDF 
was measured with the reflected angles in the mirror normal direction 
only. (The incident angles were varied, ) A transform can be performed, 
however, to approximate the BRDF with other reflected angles 

f(0 if e r ,0 r ) - f( 9,0,0) (4.25) 


where 

0 = cos” 1 (cos 9£ cos 9 r - sin 01 sin G r cos 0 r ) 

The solid angle containing the specular reflection was excluded 
from the integral calculation. This means N r ( 9 r ,0 r ) represents only the 
scattered radiance. 

The radiance transfer ratio was calculated for two wavelengths 
that riore or less bound the AMTS channel set. By assuming that the trans- 
fer ratios vary linearly with wavelength, the AMTS channel set transfer 
ratios were determined. The total nuntoer of footprints that contribute 
to the error is restricted by a light shield around the mirror. 

The worst case crosstalk radiance error was calculated frcm 
Eq 4-21. Table 4-20 shows the transfer ratios for the scan mirror 
and also for the four remaining mirrors. NEAT was calculated using the 
total transfer ratio. The worst case condition is assumed to be the 3 a 
c as e so the lo NEAT’s given are the worst case values divided by three. 

BRDF was calculated using data for silica mirrors. It is believed to be 
similar for beryllium mirrors. 


4-55 



Table 4-20 Baseline V NEAT due to mirror BRDF 
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4.5.4 


Telescope and Collimator Mirrors BRDF Spatial Crosstalk 

The calculation of the BRDF scatter is essentially the same 
as for the scan mirror (Para 4.5.3). The collimator mirror views only the 
16 footprints within the field stop. The transfer ratio was calculated 
for each mirror and then summed to obtain the remaining mirror transfer 
ratio shown in Table 4-20. The collimator transfer ratio was doubled 
because the mirror is used twice (as both the entrance and exit colli- 
mator). The total estimated la NEAT BRDF mirror crosstalk errors are 
shown in Table 4-20. These are worst case values divided by three. 

4.5.5 Corrector Lens Scatter Spatial Crosstalk 

The corrector lens scatter is basically the same problem as the 
gas check scatter (Para 4.5.2). Major differences in the calculation of 
the transfer ratio were a reduction in scatter angles because only the 16 
field stop pixels need to be included, both forward and backscatter are 
included, and the crosstalk ratio was increased by a factor of three to 
account for the thickness of the lens. Table 4-19 gives the transfer 
ratio and the NEAT' s for corrector lens scatter. The NEAT's are 
estimated la values found by dividing the worst case NEAT by three. 

4.5.6 Grating Diffuse Scatter Spatial Crosstalk 

Diffuse scatter is caused by the small scale randan surface 
roughness of a ruled grating. It spreads into 2* steradians. The transfer 
ratio is the fraction of radiance scattered from/ into a particular pixel 
by the grating that reaches the detector. The crosstalk error is the 
difference between the radiance scattered out of a pixel and the radiance 
scattered into the pixel. 

The transfer ratio can be calculated fran 


p d p d > J 1 + L m ° F Wc ^° (4.26) 

__ < Xl > _ ^ -2 Eff lv t 2 


where 

P d = radiance scattered from the grating 
P D = signal radiance incident on the detector 
Pf ss radiance incident on the detector. 

X = wavelength 
BW 0 f = order filter bandwidth 
Eff = grating efficiency 


Av * channel half power bandwidth 
k » oonstant 
W Q = exit slit width 
Viq = exit slit height 
fo = focal length of collimator 

Base scatter data were obtained from a paper by Dunning and 
Minder (Ref 4-1) . The constant, k, was found by assuming P^/Pi varies lin- 
early with wavelength, so P a /p. <10. <S> = 2.5 x 10“ 3 sr" 1 and k - -0.64. The 
estimated 1 cr NEAT errors are shown in Table 4-21. Estimated la NEAT values 
are estimated by taking one third of the NEAT of the worst case situation. 

4.5.7 Grating Mask Scatter Spatial Crosstalk 

The foreoptics of the AMTS spectrometer cannot toe fully masked, 
so that about 6 percent of the radiance incident on the instrument from a 
particular pixel hits the grating mask. Seme of the energy scattered from 
the mask will be a source of crosstalk error. 


The only way scatter from the grating mask can reach a detector 
is through the optical aberrations of the collimator. This greatly reduces 
the crosstalk scatter error. Using BRDP measurements for a Martin Black 
coated surface found in a paper by Smith (Ref 4-6), the transfer ratio was 
calculated. NEAT values shown in Table 4-22 are worst case values divided 
by three. 


4.5.8 Image Plane Mask Scatter Spatial Crosstalk 

Energy scattered from the specular image plane mask of the 
AMTS spectrometer will travel back through the instrument to the grating 
where it will toe diffracted back to the image plane and the detectors, 
causing crosstalk. The specular reflection from the image plane does not 
return to the grating (Pig 3—20 and 3—21). Only one scatter radiance pass 
through the spectrometer is included in this error analysis. 

Measured BRDF data were found in a report toy Scheele (Ref 4-5) . 
Transfer ratios were calculated by integrating scatter ratios over angles 
that lead back to a detector, for wavelengths that fall within the passband 
of the order filter. Thble 4-22 lists NEAT values. The estimated la value 
is the worst case value divided by three. 

4.5.9 Spatial Crosstalk Error Correction 

Given a measured radiance image of a scene and a knowledge 
of the radiance transfer ratios of the instrument, it is conceptionally 
possible to reduce spatial crosstalk errors in the image by several orders 
of magnitude. The Image matrix must be larger than the necessary radiance 
transfer ratio matrix. Maximum error correction is only possible over a 
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Table 4-21 Baseline V grating diffuse scatter 






CH 

V 

(cm -1 -) 


Nrs 

(W/cm^/ ar/cm“l ) 

Transfer 

Ratio 

TR 

NEAT 
(K) Iff 

1 

606.95 

230 

3.30E-10 

8.36E-7 

<0.001 

10 

669.45 

199 

5.28E-10 

5.14E-7 

<0.001 

12 

1040.80 

198 

3.59E-9 

3.96E-7 

<0.001 

14 

1650.10 

220 

2.96E-8 

3.02E-7 

<0.001 

16 

1839.40 

232 

4.88E-8 

2.76E-7 

<0.001 

18 

1930.10 

232 

5.62E-8 

2.63E-7 

<0.001 

20 

‘ 2386.10 

222 

1.10E-7 

4.49E-7 

<0.001 

28 

2686.00 

232 

2.24E-7 

1.82E-7 

<0.001 


I 

j 


s 


4-60 


' •* . 



4-61 



SCENE RADIANCE MATRIX (N.) 


















portion of the image matrix. This paragraph develops the argument and 

s P a tial crosstalk correction through a deconvolution 
of the measured amage radiance values. 

Figure 4-9 illustrates a radiance transfer ratio matrix 
(i-matrix) centered over a scene — or image — radiance matrix ( j-matrix) . 
Given true scene radiance values, measured radiance values in the image 


N o/j * N 0 /j + l TRi (Ni/j - N 0 /j) (4.27) 

Where 

N o/j * measured radiance value for the j-matrix footprint 
corresponding to the 0 position (center) of the 
i-matrix 

No/j = true radiance value of the j-matrix footprint corres- 
ponding to the 0 position of the i-matrix 

%/j = true radiance value of the j-matrix footprint corres- 
ponding to the i ul position of the i-matrix 

= radiance transfer ratio for the 1 th position of the 
i-matrix 

Measured radiance values in the image can be determined by centering the 
u.-ratrix over each footprint of the true radiance j-matrix in turn and 
applying Eq 4.27. Error-free measured radiance values can be determined 
only for that portion of the j-matrix for which the i-matrix is completely 
contained within the border of the j-matrix. 

Given an image Whose radiance values are contaminated by 
spatial crosstalk errors, true radiance values can be approximated by 
deconvolving the image using a two- pass algorithm. The first pass of the 
i-matrix over the j-matrix yields two matrices in j-space Whose values 
are calculated using the following equations? 


No/j 


N o/j “ | TRi N£/j 

1 " X TRi 

i 


(4.28a) 
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(4.28b) 


Vj " N o/j 


No/j - | TRj. N£/j 
1 - l TKi 


The second pass of the i-matrix over the partially corrected radiance ma- 
trix (N j-matrix) yields a corrected radiance image in j-space whose values 
are estimated using the following equation: 

l TO i e i/j 
_ 1 

No/j s N o/j + (4.28c) 

i- 1 
1 

where 

N£/j = measured (contaminated) radiance value of the j-matrix foot- 
print corresponding to the 1 th position of the i-matrix 

e i/j = estimated error term of the j-matrix footprint corresponding 
to the i u * position of the i-matrix 

Residual crosstalk errors in the corrected image radiance values are due to 
the fact that the ej values calculated using Eq 4.28b are approximations 
for ej(true) = - Nj. These true values, of course, are not determinable 

starting with the contaminated radiance image. 

An example illustrating spatial crosstalk correction is pre- 
sented in Tables 4—23 through 4—29. Table 4—23 represents true footprint 
radiance values for a 21 x 21 element two-tone scene. The boxed radiance 
values represent cloudy footprints and the remaining values represent clear 
footprints. Table 4-24 represents a 5 x 5 element radiance transfer ratio 
matrix. Table 4-25 represents the contaminated radian?© inage matrix which 
results when the true radiance matrix is convolved with the radiance trans- 
fer ratio matrix per Eq 4.27. (This 17 x 17 element matrix is the maximum 
size that can be obtained frcm this convolution without encountering edge 
effect inaccuracies . ) Relatively large crosstalk errors , due to a relatively 
small amount of cloud cover, accrue in this image matrix in pixels corre- 
sponding to clear cold footprints. 

The contaminated radiance image matrix of Table 4-25 is the 
starting point for application of the crosstalk error correction algorithm. 
The first pass of the radiance transfer ratio matrix over the contaminated 
radiance image matrix results in the radiance error approximation matrix of 
Table 4-26 per Eq 4.28b and in the partially corrected radiance matrix of 
Table 4-27 per Eq 4.28a. (A 13 x 13 element matrix is the maximum size that 
can be obtained in Tables 4-26 and 4-27 without encountering edge effects. 
Table 4-27 shows only the 9 x 9 element matrix needed for this exercise.) 


Table 4-23 True radiance value matrix 
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Table 4-24 Radiance transfer ratio, TR, matrix 
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Table 4-27 Partially corrected radiance matrix 
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Table 4-29 NEAT errors (K) 
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0f ^ T adiance transfer ratio matrix over this partially 
corrected radiance matrix per Eq 4.28c results in the fully corrected Y 

I 1Ms 9 x 9 element ratrlit is » 

obtained without encountering edge effects.) Table 4-29 
shews crosstalk errors in terms of NEAT in the uncorrected image (corre- 
Spalding to Table 4-25) and in the corrected image (corrSpSng to^Sle 
4-28) . In oils exanple, application of the spatial crosstalk error correo- 
resultel ln an error reduction °t approximately three orders 


, . , The a b° ve example was used to illustrate the principle of sna- 

? orr ? ctio ? ** deconvolution of the radiance imago. Numeric 
instrument. matrxx slzes in 016 example do not correspond to the Baseline V 

The only Baseline V error sources which result in significant 

are a Perture diffraction, corrector lenT^nd gas 
dieck scatter, and scan mirror BRDF. As shown in Tables 4-18, 4-19 and 

nels' C ^S^ alk c ° rrectlon “ needed only for the band 3 and band 4 chan- 
nels. Star a worst case condition of a clear footprint surrounded by an 
roken cicud field, a 27 x 27 element i-matrix would result in »0.1 K 
NEAT in the worst case channel (channel 28). 


crosstalk the area over maximum spatial 

SS po f 3lhle ' In the limit, full earth coverage cross- 

talk correction would require a continuous image — i.e., no edges — for 

to^ealize^h al 9 ° r ithm to be applied everywhere. In addition, 

J5? “ rreCtlon . capabilit y <* the algorithm, all mea- 
surea juxel Y^ues within the 1 -matrix at any one time should effectively 

cessivl^fi simultaneity. For the Baseline V altitude of 833 km, suc- 
cessive swaths m the equatorial regions am not contiguous and full earth 

?? n J ains 13001 ^ttime and daytime image segments measured 
approximately 12 hours apart (Pig 3-18). 

-r ,4 „ „ . Fo Y ^ altitude of 1350 km, successive swaths are contiguous 

swaths^Sld^bi^JTt? 112 1 minutes * For sightly higher orbits successive 
swatns could be made to overlap. Et>r error r -"M-jon nnmnooo 4 . 1-4 _ , , 

represent an image witho t edges having terrpora.. iltSSty. For night- 

o^hialS f h^t eart ' h ooverage ' available with orbic altitudes of 1350 S! 
or higher, high scene contrast due to reflection of solar rad-ia-Hon 
broken cloud field* would re eliminated wiSl^oSeSSiSg d^Sse S 

sStial err °f!: • Xt 1S P 098 ^ 16 under these conditions that 

spatial crosstalk correction would seldom, if ever, be necessary. 

on , . The crosstrack scan angle affects the spatial registration of 

thS el6mentS raS^ce tr^s- 

of the lini^S^; J?? l_natri t is with its axes along the length 

°l the linear inlet slit array and normal to the length of th« inlet slit 

rSsSiSlTS denial (eCt 45 JtoSL, 

soaS wit^rL^ P J ir CCeSS1Ve linear foot P rint arrays in object 
pace with respect to each other as a function of scan angle (Fig 3-22) 

in applying the spatial crosstalk correction algorithm, ^his effect mus^ 

betaken into account in selecting the image pixels in j-space Which^rre- 

s^a?rSLtr^S X b£! :LtlOI?S ’ In genera1 ' there will nSbea one-to-one 
spatial registration between 3 -space and i-space pixel areas for linear 


footprint arrays on either side of the center of the i-matrix. This 
problem can be resolved using reimaging techniques with no loss in cross- 
talk correction accuracy. If the scattering characteristics of the scan 
mirror are not isotropic, it could be necessary to calibrate the radiance 
transfer ratio values of the i-matrix as a function of scan angle. 

Ideally, the image pixels should have a 100 percent fill factor 
to maximize spatial crosstalk error correction capability, As a practical 
matter, for the 70 percent pixel fill factor of Baseline V, a very unique 
scene contrast pattern would be required to cause significant crosstalk 
correction degradation. 

4.5.10 Spatial Crosstalk Radiometric Error Summary 

Spatial crosstalk error values are scene dependent. Spatial 
crosstalk is nost severe for high contrast scenes; generally for solar re- 
flection from broken cloud cover. Significant spatial crosstalk error can 
occur in band 4 due to instrument aperture diffraction, gas check and cor- 
rector lens scatter, and scan mirror BRDF. Spatial crosstalk errors from 
various scattering sources are correlated with each other, but are not cor- 
related with other nontunable radiometric errors. Spatial crosstalk 
errors are nontu nab le - In general, individual footprint spatial cross- 
talk errors would be somewhat reduced in the composite footprint. The. 
degree of this reduction would be scene pattern dependent. Since spatial 
crosstalk error values are a function of channel wavelength, there can be 
a relatively large channel to channel correlated error component due to 
this uncorrected error source. 

Spatial crosstalk error can be reduced to a level that is no 
longer significant in terms of AMTS performance capability by image pro- 
cessing of the measured channel radiance images for selected channels and 
for selected scenes. Spatial crosstalk correction requires prelaunch cali- 
bration of overall instrument radiance transfer ratio matrix values. 

4.6 Spatial Simultaneity Radiometric Errors 

If all channels do not simultaneously view the same IPOV a 
scene dependent channel to channel relative radiometric error can occur. 

In terms of geometric optics, spatial simultaneity error can occur unless 

• The scene images at all channel wavelengths coincide at 
the inlet slit ( field stop) . 

• Geometric aberrations are identical for all channel wave- 
lengths at the inlet slit. 

• Mo relative channel to channel image vignetting occurs along 
the spatial axis — normal to the spectral axis — ahead of 
the channel detectors. 
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Vi- 


aH Baseline V, the first two conditions are satisfied by usinq 

ul reflKting elements in the foreoptics. The last condition g 

fif^J r r 3kin9 . al0rig the spatial 3x18 at the inlet slit to compensate 
,, . e atlv f geaT,etri ^ aberration effects and for relative misaliqnment of 
the image plane mask in the spatial dimension. Since the detectors are 
normally in a pupil plane, relative debtor misalignment cS^Se Z 
significant spatial simultaneity radiometric error carponent. 


In terms of physical optics, aperture diffraction can mauit 
iV.r Ve ^ d f pe,vlent e r«tial simultaneity radiomatrio error (Para 

^ ls true ° f a11 spatial crosstalk error sources. ®e Sects 
error sources are evaluated in Para 4.5, and in this studv are 
treated as spatial crosstalk radiometric errors. * 


4.7 


Chopper and Electronics Radiometric Errors 


are: 


Electronics and optical chopper induced radiometric error sources 


• Chopper induced spectral weighting of pixels. 

• Chopper induced spatial weighting of pixels. 


4.7.1 


• Signal channel electronics errors. 

Chopper Induced Spectral Weighting of Pixels 


If the blades of the optical chopper were nlaced nrpx-ieoi-., ■:», 
an nnage plane no chopper induced spectral waiting cmM^ST 

(Para if? a^' 3 ' 3 '? ' ^ ahopper wheel configuration of Baseline V 

S ^•~; 1 Ln 0 rr^ 

tial shadcmdng^aTonj^tiie^ ierejth^of I 'ttie C ^ating e — -°norml t to C the e grating Gn ~ 
~ ^ ,CUrS ^Y "°' 2 P® rcenfe of the time for the worst case en/arrav 
variation c£ £r 


4.7.2 


Chopper Induced Spatial Weighting of Pixels 


• „ . T 1 * 2 Baseline V chopper wheel configuration does not result 

^T‘° 3Ue to Spatlal the f^prta <X£ 


4.7.3 


Signal Channel Electronics Errors 


. r ^ e signal channel electronics consists of the» nr«tinai 

ics radianetric error sources include? ' 0hamel electra > 
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• Chopper synchronization error. 

• Synchronous demodulator phase error. 

• Input/output amplitude linearity. 

• Input/output amplitude stability. 

• DC offset stability. 

• Integrator hold stability. 

• Integrator memory . 

• EMI. 


4. 7. 3.1 Chopper Synchronization Error 

Average chopper Wheel angular velocity is synchronized with 
the system clock. There are 56 (integer) chopper cycles per footprint 
dwell interval, or »2.56 chopper wheel revolutions per dwell interval. 
Integrated signal energy is directly proportional to the footprint signal 

linfortraf irvi 4- n mo P^tnoivnion4>1tr 4-V»« —-.-a 

vU»s^ wro i.uuuj^jL,Aiu- cnuj^ct sjjccu iauxuiieui.li; 

error component is a function of the average chopper speed per dwell inter- 
val. The calibration target reference signal values used for individual 
footprint data reduction are averaged over 10 individual calibration target 
looks corresponding to »9 line scan intervals, or 3.67 minutes (Para 

3.1.2 and 4.2.3; Pig 3-28 and 4-1). Consequently, the chopper speed error 
component due to these calibration reference signal values is a function of 
the average chopper speed over the 10 sets of calibration target locks. 

The total chopper speed error per footprint is the algebraic sum of these 
two error components. 

Practically, the average speed variation over the 10 sets of 
calibration target looks spread over a 3.67 minute interval would be much 
less than that of the 0.1273 sec footprint dwell interval. Clock fre- 
quency stability over the 3.67 minute interval should be very good. Con- 
sequently, chopper speed error can be approximated using only footprint 
dwell interval average speed errors. Table 4-30 lists the average chopper 
speed synchronization error per footprint dwell interval Which would 
result in a radiometric error of >0.1 K NEAT (Table 2-9). By holding the 
maximum per footprint synchronization error to <0.1 percent the la error 
contribution due to chopper speed variation effects would be <0.03 K, and 
would not significantly limit AMTS system performance capability. 

4. 7. 3. 2 Synchronous Demodulator Phase Error 

Synchronization and relative phase relationships between signal 
channel and reference channel pulses is inherent in the chopper/reference 
signal generation configuration (Para 3.1.2; Fig 3-27). Reference channel 
phase with respect to that of the signal channel can be controlled by 
adjusting the angular position of the reference slit array. In terms of 
out-of-band noise rejection by the synchronous demodulation process, it is 


inportant that signal channel integration occur over an integer number of 
complete chopper cycles per footprint dwell interval. In the nominal 
design, signal channel integration starts and stops at a zero crossing of 
the same sign (Fig 3-34). Within limits, a reference phase offset should 
have very little effect upon radiometric performance, lb the extent that 
they are linear, slowly varying reference phase shifts in terms of the 3.67 
minute radiometric calibration c^cle tend to cancel out in the calibration 
process (Para 4.2.3). 

4.7.3. 3 Input/Output Amplitude Linearity 

Conceptually, given enough data points, the in-orbit system 
tuning approach outlined in Para 2.1.6 should be able to correct for non- 
linearity in input/output amplitude response of the signal channel. As a 
practical matter, system tuning can only be relied on to correct for linear 
systematic errors (Para 2.3.11). The effects of signal channel nonlinearity 
are illustrated in Fig 4-10. The channel input/output response is anchored 
radianetrically at radiance values corresponding to those of the calibration 
targets. System tuning tends to establish a best straight line fit to that 
portion of a nonlinear response which lies between the calibration radiance, 
values. The total instrument calibration error then consists of a systematic 
component Which is tunable, plus a residual nontunable canponent. The peak 
nontunable radiance error carponent is proportional to 1/2 the peak instru- 
ment signal channel linearity error. 

Discreet PC and PV IR detectors tend to be quite linear. The 
degree of linearity can be a function of the conditions under which the 
detector is operated, including the interaction of the detector/preairp- 
lifier circuits. The linearity of the signal channel electronics through 
the ADC is a function of the detail design of the circuits. Here, as for 
chopper Wheel synchronization error (Table 4-30), 0.1% peak nontunable 
signal channel linearity error would not significantly affect overall AMTS 
system performance. 

Detector manufacturers and circuit designers consulted during 
the course of this study have no reason to believe that this degree of 
linearity cannot be achieved. No measured data base was found, however, 
with this precision. Techniques are becoming available Which allow this 
measurement precision (Ref 4-7). It is believed that this error source 
need not be a problem for the AMTS. 

4.7. 3.4 Input/Output Amplitude Stability 

Only short term input/output instability, within the time 
frame of the 3.67 minute reference averaging period of the instrument 
calibration cycle, could result in a radiometric error (Para 4.2.3). 

Linear drifts within this interval would be removed by the calibration 
process during data reduction. This error source need not be a problem 
for the AMTS. 

4.7. 3. 5 DC Offset Stability 

Long term DC offset drifts must be held within acceptable 
limits to maintain the full dynamic range of the channel within the 
voltage window of the data system. Only short term DC drifts within the 


Table 4-30 Average percent chopper Wheel synchronization error 

per 130 msec interval Which would result in 0.1 K NEAT 
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3.67 minute reference averaging period of the instrument calibration cycle 
could result in a radiometric error. Linear drifts within this interval 
would be removed by the calibration process during data reduction. DC 
offset drifts are primarily caused by temperature drifts. Differential 
TIA's are used in Baseline V to provide thermal cannon mode rejection. 

If necessary, active thermal control could be employed, but it is believed 
that this would not be necessary. This error source need not be a problem 
for the AWLS. 

4. 7. 3. 6 Integrator Hold Stability 

Per footprint drift in the channel integrated voltage does not 
result in a radiometric error provided the elapsed time between the dwell 
interval and the integrator readout cycle for a particular channel are 
the same where viewing the calibration targets as when viewing the scene. 
Longer term drifts within the 3.67 minute reference averaging period of 
the instrument calibration cycle could result in a radiometric error. 
Linear drifts within the interval would be removed by the calibration pro- 
cess during data reduction. This error source need not be a problem for 
the AMTS. 


4. 7. 3. 7 Integrator Memory 

A "last scene" dependent residual voltage in the integrator 
capacitor following the reset cycle could result in a scene dependent 
radiometric error. Should this be a problem, it could be eliminated 
by subjecting the storage capacitor to a short charge/discharge cycle 
from a fixed, stable, relatively high voltage source between the foot- 
print integrate/ read/ dump cycles. This error source need not be a prob- 
lem for the AMTS. 

4. 7. 3. 8 EMI 

Several general categories of EMI could be encountered which 
affect radiometric performance in different ways. Effects of EMI which is 
stable, periodic, and synchronous on a footprint to footprint basis with 
the footprint sampling rate of both the calibration targets and the scene 
would be removed by the radiometric calibration process during data re- 
duction. Conceptually, the effects of EMI which is scene dependent, stable, 
and synchronous with footprint sampling — such as that caused by crosstalk 
between signal channels — is a form of spatial crosstalk and could be re- 
moved through image processing (Para 4.5.9). EMI which is assynchronous 
with the footprint sampling rate or whose effects are not stable or linear 
over the 3,67 minute instrument calibration cycle could result in radio- 
metric error. Relatively large transient events are particularly undesir- 
able. The first line of defense against EMI is avoidance at the system 
design and detail circuit design levels. The choice of relative frequencies 
at the system design level is important. In Baseline V, for example, the 
optical chopper frequency is set at 440 Hz to keep the 400 Hz chopper motor 
frequency out of the signal channel passband. At the circuit design level, 
the use of differential amplifiers for conmon mode rejection, circuit and 
cable layout, grounding, and shielding are important. This is particularly 
true for the relatively lew signal level circuitry associated with the image 


V 



Figure 4-10 Signal channel input/output amplitude linearity 
error effects 
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plane assembly. To the extent that detail circuit design concepts were 
developed for Baseline V, these EMI avoidance techniques were employed. 

RMS EMI voltage errors within the signal channel should be held to <0.025 
percent of signal voltage. This e, . or source need not be a problem for the 
AMTS. 

4.7.4 Chopper and Electronics Radiometric Error Summary 

Baseline V chopper induced spectral and spatial weighting 
errors do not significantly affect AMTS system performance capability. 

With a careful and well integrated detail design, involving detector 
and signal channel electronics circuits and thermal control, the signal 
channel electronics should not significantly limit radiometric system 
performance capability. Subsystem specification performance limits for 
selected overall system error contributions can be developed in terms 
of percent of signal radiance or of signal channel voltage using Table 
2-9. 

4.8 Nuclear Radiation Induced Radiometric Errors 

High detectivity infrared detectors are effective detectors of 
nuclear radiation. PC HgCdTe detectors display two kinds of performance 
degradation — an overall change in responsivity (Ref 4-8) and random fast 
rise time pulses /r ?ef 4-9), PV HgCdTe detectors degrade by increased 
rms noise (t ran., ants) , increased leakage current, and an increase in the 
optical response of the detector (Ref 4-10) . PV inSb detectors degrade 
by increased rms noise (transients), increased leakage current, and de- 
creased optical response (Ref 4-11) * The degradation of detector perfor- 
mance due to transient pulses is not permanent and in general will clear 
in a few microseconds. All other sources of degradation are considered 
permanent. 


The Baseline V AMTS design assumes a TIROS orbit (833 km) . 

This error analysis also includes calculations showing the nuclear radia- 
tion effects for a 1350 km orbit. The radiation encountered in these 
orbits (Ref 4-12) only slightly degrades the AMTS overall performance. 

For the Baseline V AMTS a change in detector response causes 
radiometric error when the time rate of response change is not linear over 
the 3.67 minute calibration averaging interval. The fast rise time pulses 
or transients cause radiometric error when the integrated pulse output 
voltage while viewing the chopper does not equal the integrated pulse 
output voltage while viewing the scene. 

For PC HgCdTe detectors the change in responsivity at 833 km 
during one orbit through the South Atlantic Anomaly (SAA) is about 0.003% 
for protons and 0.004% for electrons. This change in responsivity is per- 
manent and affects both the dynamic range of the instrument and the de- 
tectivity (D*) of the detectors. After 5 years in space these very small 
responsivity changes add up to a total response change of 0.040% for pro- 
tons and 5.2% for electrons. The corresponding change in D* would produce 
a 0.034 K change in NEAT. At 1350 km, the responsivity change after one 
orbit through the SAA is 0.004% for protons and 18.2% for electrons for 


a corresponding 0.119 K change in NEAT. The rise and £rll times of th 
random pSses are on the order of 5 ysec. event rate ^ ^he wors 

dwell inside the SAA is 1.4 events/ sec at 833 kn and 6*14 events/sec^ 

1350 "km. The average pulse height is 1.5 x 10 V. If it is a- 
that this one second average number of events all occur wxthin one 
(S 12 ^sST^ that 9 all events occur either 
or while viewing the chopper, the resultant change in NEAT is 0.008 K for 
Sa tmlnd S!637 K for US6 im. This 1 b by far a worst « calculation 
and statistically the error would be much smaller during the actual flig 
of the instrument. 

For PV HgCdTe change in responsivity after one orbit through 
the SAA is 0.016% at 833 km arri 0.079% at 1350 loo. Thaw Ganges cause in- 
sianificant radiometric error. The leakage current of the detector in 
creases after one pass through the SAA which also affects the responsivi y 
of^he dSSo?? The change in response due to increased leakage current 
is 0.14% at 833 km and 0.20% at 1350 km. Both these changes in responsivity 
nroduce chances in D* and the dynamic range of the instrument. The mag 

S£» «?3ZS SaSges is such^S they pbxluce ^ptsbls ■*£-**> 

errors. The transient pulses within the SAA produce 0.004 K and 0.033 K 
changes in NEAT for 833 km and 1350 km respectively, again assuming the 
rraximum differential integrated pulse output voltage. 

For PV InSb, the general responsivity changes due to nuclear 
radiation are a function of wavelength. At 5 ym, the responsivity change 
35? ” SSft SSSTths SAA Is o!2» «0.001 K NEAT) at «33 km ahd 1.2* 
f<0 001 K wfat) at 1350 km. After 5 years, the cumulative response change 
is 18.45% (0.007 K NEAT) at 833 km and 19.0% (0.008 K 
4 urn, the sams calculation as above produces errors o* 0.2® 

WAT) at 833 ton arri 0.54% (0.001 K NEAT at 1350 taj. 5 years th^ 

cumulative responsivity change is 8.2% (0.011 K NEAT) at 83 
(0.011 K NEAT) at 1350 km. Increased leakage current after one 
through the SAA at both altitudes results in an imperceptible radicmetri 

error. 

While radiometric performance errors due to nuclear radiation 
effects are quite small the dynamic range of signal channel circuits 
should be designed taking expected changes in detector responsi ivafy int 
account. Transient events peak during passage through are 

much smaller elsewhere. P» changes due to dhanges in kesporalvity wo^ 
be significant only for the PC HgCdTe detectors after 
ai- the hidher 1350 km orbit. These errors are randan footprint to toot 
priS ^o^elto channel, and are reduced in ^the composite Mtaotp^. 

PC HgCdTe detectors have been found whidi arera^twn ^^ an iivsis 
4-8) . Radiation hard detectors were not assumed for this error analy 

4.9 Microphonics Induced Radicmetric E rrors 

Microphonic induced radiometric error can occur due to vi- 
bration of the optical ray bundle with respect to the detector. This can 
occur where detector responsivity is uniform over the area of e ®" 
hector if the edge of the optical ray bundle moves across an edge of the 
detector. Where detector responsivity is nonuniform over the area of 
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the detector, radiometric error can occur if the detector views the edge 
of a ray bundle where energy density has been modified by optical aber- 
rations. An additional source of microphonic error could be electromag- 
netic coupling within the signal channel which is vibration modulated. 

In general, detector responsivity vavies significantly over 
the detector area, particularly for PC HgCdTe detectors. Consequently, 
detectors should be specified to minimize area responsivity variations . 
The Baseline V detectors are very near a pupil plane so that relative 
energy density per unit area is nominally independent of scene contrast 
and pattern. These Baseline V detectors underfill the optical ray bundle 
to minimize the effects of optical aberrations and optical misalignment. 
In addition, relative chopper frequency and possible microphonic source 
frequencies hould be selected to keep microphonic source frequencies out 
of the signal channel passband. This would also minimize microphonic 
effects due to electromagetic coupling. Minimizing EMI, of course, would 
also minimize radiometric error due to microphonically modulated electro- 
magnetic coupling. 

With careful design, microphonic induced radiometric errors 
need not be a problem for the AMTS. 

4,10 Instrument Calibration 


Instrument calibration errors can be encountered both in the 
on-board calibration procedures which reduce raw instrument data to cali- 
brated radiance values and in prelaunch calibration of the instrument. 

4.10.1 On-board Instrument Calibration 

The Baseline V instrument design contains provisions for in- 
orbit spectral monitoring and control. In addition, on-board radicmetric 
reference sources are provided. Spectral monitor and control design fea- 
tures are described in Para 3.1.2 and 3,4. 2. 2. The radiometric 
transfer design features are described in Para 3.1.2, 3.1.3, 3.3.1 
and 3.3.3. 


Conceptually , the spectral monitor and control features would 
allow self-contained calibration of channel frequency setting, both prelaunch 
and in-orbit, without use of external calibration equipment. In addition, 
slit function relative response characteristics could be monitored in orbit, 
based upon prelaunch calibration data obtained using external calibration 
equipment. 


At the risk of greater radiometric offset errors, measured sig- 
nal channel radiance values could be determined using only the on-board 
blackbody calibration sources without resorting to prelaunch calibration 
using external calibration equipment. Correction of measured image ra- 
diance values to remove spatial crosstalk errors, however, requires prelaunch 
measurement of footprint radiance transfer ratios using external calibration 
equipment. 


4.10.2 


Prelaunch Calibration 


In the normal course of events, one would expect to perform 
the following prelaunch calibration functions on the AMTS instrument: 

• Spectral channel frequency verification. 

• Spectral channel slit function (relative amplitude response) 
calibration, including wing response. 

• Spectral monitor performance verification. 

• Absolute radiometric calibration. 

• Footprint radiance transfer ratios calibration. 

• Instrument polarization sensitivity verification. 

Prelaunch spectral channel slit function verification and footpr^ ta&iance 
transfer ratio measurements are considered to be essential. It would be 
incautious to omit the remaining prelaunch calibrations without a risk 
assessment of the final detail design based upon: 

• Analysis of residual errors using detailed instrument design 
tolerances and uncertainties. 

• System tuning simulation to determine residual tuning errors 
as a function of the range of uncorrected individual system- 
atic error components. 

4.10.3 Instrument Spectral Calibration Radiometric Errors 

Channel frequency setting goal instrument requirements are 
specified ±n Para 2.3 T 7 and 2.3.8. Error analysis of the applicable 
on-board channel frequency calibration capability is treated in Para 
4.1.1 and 4.1.2. Prelaunch channel frequency setting verification and 
calibration using a tunable narrow band frequency source — test monochro- 
mator or possibly a tunable laser — is a relatively straightforward pro- 
cedure. The precision of this approach is primarily dependent upon the 
absolute accuracy to which the tunable source frequency is known. Cbrrmer- 
cial monochromators have a specified frequency accuracy in the range of 
1 part in 10^ to 1 part in 10^. When used with an external white cell 
it is believed that calibrating the frequency of a test monochromator with 
an accuracy of 1 part in 10 5 or better would be possible. 

Channel relative intensity vs. frequency response goal instru- 
ment requirements are specified in Para 2.3.6 and 2.3.9. These requirements 
must be interpreted to include a slit function wing response within the 
bandwidth of the order filter which results in acceptable wirg response 
crosstalk errors (Para 3. 1.1. 5 and 4.3.3). Uncertainties in the calculation 
of the extended slit function response plus the inability of the on-board 
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spectral monitor to determine the characteristic without prelaunch spectral 
calibration makes prelaunch calibration essential. Direct measurement of 
the overall instrument slit function response requires a tunable laboratory 
source having the following characteristics: 

• Monochromatic , or very narrow, frequency bandwidth with re- 
spect to channel half-pcwer bandwidth. 

• Temporally roncciherent, with coherence times near those of 
the AMTS scene footprints. 

• A spatially distributed source must fill the instrument aper- 
ture and be imaged upon the inlet slit of the spectrometer. 
This source image must spatially fill the inlet slit. A 
high quality test collimator would be required so that its 
optical aberrations would not significantly affect overall 
slit function response (Para 3. 1.1. 5. 2). 

• Relative amplitude vs. frequency response of the source must 
be accurately known within the order filter bandwidth. 


Calibration of the wings of the slit function would require a relative 
amp] itude measurement resolution of about 10“ 5 (Fig 4-5). A relatively wider 
source bandwidth, could ba used to measure wing response outside the slit 
function truncation bandwidth (Fig 4=3). It is questionable whether the 
integrated slit function response can be determined to the goal precision 
specified in Para 2.3.9 by direct measurement of the slit function. 


In order to be able bo estimate relative shifts in the slit 
function response in orbit, it would be necessary to measure prelaunch 
correlated slit function effects for the IR signal channels and for the 
spectral alignment channels (Para 3.1.2) as a function of spectrometer 
focus shifts at the image plane. Special provisions to allcw such focus 
shifts durina calibration should be made in the design of the spectraneter 
image plane mounting within the optical bench. 


In general, systematic spectral errors result in corresponding 
effective radiant ric errors which are reduced by system tuning (Para 
4.1.5). Vfe suspect that the specified goal spectral, requirements are un- 
necessarily severe. 


4.10.4 Radiometric Calibration Errors 

The Baseline V instrument measures scene radiance via a sub- 
stitution process, fbr each footprint during the crosstrack line scan 
relative radiance of the scene is measured with respect to that of the 
chopper wheel reference surface. Between successive line scans the rel- 
ative radiance of hot and cold on-board blackbody calibration targets 
is also measured with respect to that of the reference surface of the 
chopper wheel. The radiance of the scene with respect to that of the 
calibration targets is determined by interpolation (Para 4.2.3). Effective 
radiance values of the calibration targets are referenced to a secondary 
standard blackbody during prelaunch instrument calibration. Radiometric 
error sources associated with this process consist of: 


• Absolute error of the laboratory blackbody secondary standard. 

• Prelauntih calibration transfer error, from laboratory standard 
to on-board reference standards . 

• Radiometric interpolation error. 

• Relative slope error associated, with on-board, calibrated, 
reference standards. 

• Radiometric calibration stability. 

4.10.4.1 Absolute Error of laboratory Blackbody Standard 

We are told (by C. R. Yokley of the National Bureau of Stan- 
dards) that regular off-the-shelf blackbodies usually have about 1 percent 
absolute radiometric error in the AMI’S wavelength range. We assume a 1 
percent la absolute spectral radiance error for an AMTS laboratory sec- 
ondary blackbody standard. 

4.10.4.2 Prelaunch Radiometric Calibration Transfer Error 

A prelaunch radiometric calibration setup must satisfy the 
following requirements: 

• The surface of the secondary standard blackbody must be 
imaged upon the inlet slit of the instrument in order to 
avoid slit function pertubation effects and instrument 
aperture weighting effects which can occur when viewing a 
defocused source (Para 3. 1.1. 5 and 4. 3. 3.1). The secondary 
standard radiance must fill the instrument aperture; the 
blackbody image must fill the inlet slit. A relatively high 
quality test collimator is required. 

• Spatial crosstalk effects must be avoided. This is probably 
best accomplished by holding all surfaces within the extended 
instrument field of view, which could cause significant cross- 
talk effects, near the temperature of the blackbody standard. 
With the exception of the collimator mirror aperture all sur- 
faces should have relatively high emissivity. Note that 
transmissivity plus) emissivity of the collimator is unity. 
Thermal flux emitted from the surface of the collimator and 
from the surrounding extended field of view is not collimated 
at the instrument input nor focused at the inlet slit; con- 
sequently, the collimator should have a relatively large 
aperture, corresponding to an 18 x 18 degree instrument 
field of view (Para 4.5.9). The relatively small amount of 
unfocused flux emitted from the surface of the collimator 
would result in a relatively small crosstalk radiometric 
error component. . BRDF scatter from the collimator mirror 
surface into and out of a given footprint element is about 

, the same and should introduce no significant radiometric 

error component from a wide angle collimator. 
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4 „ ^ relaunch radiometric calibration establishes an "apparent 

anissivity for the on-board calibration targets. In addition to uncer- 
tainties in the laboratory reference blackbody and the prelaunch radio- 

I"® calibration transfer process, the apparent emissivity of the on- 
board targets is a function of: * 

• True emissivity of calibration targets. 

• Knowledge of calibration target temperatures. 

• Reflected radiance from the surface of the calibration targets. 

• Calibration target defocusing. 

• Instrument polarization sensitivity. 

Very slew drifts in apparent emissivity will result in tun- 
able errors to the extent that offset error drifts are the same for both 
the hot and cold targets. The aim of the Baseline V design was to reduce 
s ope errors to a minimum. Mechanically, the calibration targets should be 
built as a, matched pair te all respects except for the degree of thermal 
insulation. Coating the emissive surfaces should also be done as a match- 
ed pair — the same batch of material applied by the same person at the 
same time. Calibration target placements at the same distance from the 
scan mirror and at the same relative absolute angle with respect to nadir 
insure that calibration target defocusing effects (Para 4. 3. 3.1) and — 
assuming correct grating alignment — instrument polariziation sensitivity 
ef rets are practically the same for both targets. 

. ra( 3iance reflected from the active surface area of the 

calibration target viewed by the instrument, as a percent of total radiance, 
is balanced as much as possible by using deep targets to restrict the ex- 
ternal solid angle viewed by this active surface area and by maintaining 
the calibration target wall tenperature the same as that of this active 

-a ? n o add i t i° n ' F 10 reflective rotating light and thermal 
shield (Para 3.1.2 and 3.3.1) prevents external radiation from other than 
the shield/scan mirror assembly from altering the calibration target aper- 
ture. The reflected radiance originating from the external source is cal- 
culated to be 0.09 percent of calibration target radiance for the cold 
target and 0.01 percent of radiance for the hot target, oorrespording to a 
peak slope error of 0.08 percent. Most of this external background radia- 
tion is frcm the black sides of the scan mirror light shield aperture. 
Conceptually, this unbalanced offset error component could be eliminated 
by operating a zone around the side walls of the hot calibration target at 
a slightly higher tenperature than its active surface area. 

• Cal ^ t>rat i° n targets would be divided into a number of thermal 
zones, with each zone having its individual proportionally controlled 
active heater and tenperature sensors (Para 3.3.3). The reflective ro- 
tating thermal shield would tend to thermally isolate the active surfaces 
of the targets except during the very brief calibration dwell interval 
occuring once in each line scan period. Small tenperature variations over 
the active surface area of the target can result in seme uncertainty with 
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Figure 4-11 Effects of equal calibration target percent 
offset radiometric errors 
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Figure 4-12 Effects of calibration target slope radiometric error 





respect to the absolute effective target temperature. With matched tar- 
gets, however, it should be possible to reduce the slope error due to 
uncertainty in calibration target temperatures to a very small value. 

It is possible that very long term contamination of the cali- 
bration target surfaces could change the true emissivity. The rate of 
change should be such that the effect on calibration within any 30 day 
interval should be negligible. A long term slope error would occur if the 
cumulative effect in terms of target emissivity were not the same for the 
hot and cold targets. Effects of calibration target contamination could 
probably be reduced if the instrument were subjected to an in-orbit decon- 
tamination cycle. 

Chopper Wheel reference surface temperature would change slow- 
ly within the 24.3 second time frame of a single line scan and the 3.67 
minute time, frame of the calibration target averaging period (Para 3.2.1). 
It would be possible, though probably unnecessary, to take chopper wheel 
tenperature slope within an individual line scan interval into account 
When reducing instrument data to calibrated scene radiance values. Radio- 
metric error introduced by chopper Wheel tenperature variations would be 
nontunable. 


4 . 10 ■ 5 Footprint Radxance Transfer Estxos Cal xbratxcn 

Correction of measured image radiance values to remove spatial 
crosstalk errors requires high precision prelaunch calibration of radiance 
transfer ratios of the i-matrix (Para 4.5.9). A rather large aperture 
test collimator is required, filling an instrument field of view of about 
18 x 18 degrees, to correctly calibrate instrument diffraction spatial 
crosstalk effects (Para 4.10.4.2). An isotropic mirror surface exhibiting 
lew BRDF effects — compared to total instrument scatter — should be used 
to allow radiance transfer ratio product terms of the collimator and 
instrument to be dropped from the radiance balance calibration equations. 
Geometric aberrations introduced by the collimator should be small compared 
to the instrument inlet slit over the full field of view of the colli- 
mator. A relatively hot blackbody calibration target — Whose image size 
at the instrument inlet slit corresponds to an individual pixel element, 
i.e., a full 10 x 10 km footprint equivalent — should be embedded into a 
much larger area relatively low tenperature background reference target. 

The area of the cold target should be such that it fills the full field of 
view corresponding to the i-matrix When the hot target is in any footprint 
location of the i-matrix. In addition, a means must be provided tc effec- 
tively remove or mask the hot target from the extended field of view of 
the instrument. Hot and cold target temperatures must be within the dynamic 
range of the instrument for all channels to be calibrated (Table 2-9) . 

Let 

- Measured radiance for footprint (o) , hot target not 
! n the i-matrix 


- 1 


N 6(i)‘ ~ Measured radiance Cor footprint (o), hot target at 
! position ( i) 


Nq( 0 ) = Measured radiance for footprint (o), hot target at 

position (o) 


N B = Background (cold target) radiance 
% = Hot target radiance 

TRi a* instrument radiance transfer ratio, matrix positions 

a . t « 


(i/o) 


TRir. = Test collimator radiance transfer ratio, matrix posi- 


tions (i/o) 


Neglecting all radiance transfer ratio product terms, in the absence of the 
hot target 


No = N b + l TRi N B - l TRi N B 


+ l TR ic N B - l TR ic N B 
i i 


which reduces to 


Nq = % 


(4.29) 


With the hot footprint at position (i) 


Nq(1) = % + l TRi N B - TRi N B + TRi % - I TRi N B 


+ l TRi c N B - TRic N 0 + TRic % “ l ^ic % 


which reduces to 


N6(i) = N B + (% - N B ) (TRi + TR^) 


Nr ~ N b 


Nq(1) “ n b 


(4.31) 


TRi + TRi c 
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TRi + TR ic 


N6(i) " Nr 

% - Nr 


(4.32) 


With the hot footprint at position (o) 


No(o) = % + l TOi N B - l TRi % 


+ l TR ic N b - >; TR ic % 
i i 


which reduces to 


N<5( o) = % " l (TRi + TR ic ) <% - %) 
i 

(4.33) 

Fran Eq 4.29, 4.31, and 4.33 

• 

% = N5(o) " N«$ + I N£ (i ) 

(4.34) 


Frau Eq 4.32 and 4.34 
TRi + TR ic 


N6(i) - No 


"©(o) - + l NSU) 

i 


(4.35) 


Significant effects due to scattering by the test collimator can be removed 
by subtraction from the measured overall transfer ratios of Eq 4.35. This 
requires a seperate calibration (or calculation) of the BRDF of the test 
collimator. The relatively large physical aperture of the collimator with 
respect to that of the instrument effectively assures that diffraction 
spatial crosstalk effects from the test collimator would be negligible. If 
instrument scan mirror scatter characteristics were isotropic, instrument 
transfer ratio calibration for a single scan mirror position is all that 
would be required; otherwise, the calibration would have to be repeated 
at a number of instrument scan angles. 

The test collimator should probably be a Schwarzschild. This 
monocentrio optic could provide very small geometric aberrations over very 
wide field angles. A superpolished surface on a glass substrate would 
provide very low BRDF. A single test collimator could satisfy the re- 
quirements for radiance transfer ratios calibration, absolute radiometric 
calibration (Para 4.10.4.2), and spectral calibration (Para 4.10.3). 


The extended radiance transfer target surface should be spher- 
ical, with a radius of curvature approximately equal to that of the focal 
length of the collimator. This would result in the sane required hot 
target footprint size, and the same normal incidence angle radiance charac- 
teristics for all positions within the i-matrix. Such a target would also 
match the Schwarzschild image surface. Temperature and emissivity must be 
uniform over the extended surface of the cold background target. Tempera- 
ture stability of both target surfaces must be very good over the time 
period of the overall calibration sequence (Eq 4.35). Actual absolute 
target temperatures and emissivity are not critical, and knowledge of these 
parameters is not required. The calibration would have to be performed 
in a vacuum. 


In the limit, accuracy of this method for calibrating radiance 
transfer ratios would be limited only by slope and nonlinearity errors 
of the instrument (Para 4.10.4.3). calibration errors due to the cali- 
bration setup could, with effort, be reduced to quite small values. High 
precision calibration of radiance transfer ratios would require a large, 
relatively complex calibration setup. 

4.10.6 Instrument Polarization Sensitivity Characterization 

It is very doubtful that scene polarization could be deter- 
mined with sufficient accuracy to allow polarization induced radiometric 
errors to be removed from measured radiance data based upon a knowledge 
of instrument polar ization sensitivity characteristics . Nevertheless, in- 
strument polarization sensitivity characteristics should be determined 
prior to launch. Instrument polarization sensitivity is primarily a func- 
tion of the grating polarization sensitivity, although it is modified 
slightly by polarization upon reflection from mirror surfaces — parti- 
cularly from the 45 degree scan mirror (Para 4.4.2), Consequently, 
overall instrument polarization sensitivity characteristics are a rel- 
atively weak function of the across track spatial scan angle. 

Instrument polarization sensitivity could be characterized with 
a relatively small error frcm grating polarization effects measured at the 
grating component level. It would also be relatively simple to add a 
polarizer to the instrument radiometric calibration test setup and charac- 
terize overall instrument polarization response as a function of scan angle. 

4.10.7 Prelaundh Calibration Sunmary 

Calibration error estimates have? in general, been expressed 
in terms of percent of radiance. For reference, Table 4-31 lists radio- 
unetric errors in terms of NEAT vs. 1, 3, and 5 percent radiance errors 
for the Baseline V channel set. 

Baseline V prelaunch calibration special equipment require- 
ments to satisfy calibration functions are summarized in Table 4-32. 

Baseline V prelaunch calibration to satisfy Baseline V goal 
instrument requirements would be relatively expensive. At this point, 
however, we feel that a better understand] jig of system performance sensi- 
tivity in terms of instrument requirements — particularly in terms of 
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Table 4-32 Baseline V prelaunch calibration 
special equipment requirements 1 


Equipment Requirements 

CH frequency 

T 

1 

! 

1 

1 

1 

1 

1 

Slit function j* 

| 

Spectral monitor ft 

s' 

Radiometric S* 

H* 

Transfer ratios g 

T 

1 

1 

1 

1 

I 

1 

I 

Polarization 

7 

_! 

1 

! 

1 

1 

1 

1 

1 

Optical/ radiometric 


T 

1 

i 


1 

1 


X 

1 

1 


r 

1 

1 


T 

1 

I 


T 

I 

i 

• Monochromator (variable slit) 

X 

I 

1 

X 

1 

1 

X 

1 

! 


1 

1 


1 

1 


1 

1 

• White cell (wavelength ref.) 

X 

1 


1 

X 

! 


1 


1 


1 

• Black body (high tatip. ) 

X 

1 

X 

1 

X 

! 


1 


i 


! 

• Secondary std. blackbody 


1 


1 


1 


i 


i 


i 

(var. temp) 


1 




1 

X 

i 


1 

2 

! 

* Distributed two tenp. wide tingle 


1 


! 


1 


i 


1 


1 

Source (controllable spatial 


1 


1 


1 


i 


1 


1 

position) 


1 


1 


i 


i 

X 

1 


1 

• Collimator (large aperture) 

2 

1 

X 

1 

2 

1 

X 

i 

X 

1 

2 

1 

• Wide bandwidth wire grid polarizer 


1 

1 


1 

1 


1 

1 


i 

i 


1 

1 

X 

1 

I 

Vacuum environmental chamber (large) 

X 

1 

1 

i 

X 

1 

1 

i 

X 

1 

1 

i 

X 

i 

i 

i 

X 

1 

I 

1 

X 

1 

1 

i 

Thermal 


1 

1 

i 


} 

1 

i 


1 

I 

i 


1 

i 

i 


1 

1 

1 


1 

1 

i 

• Instrument assembly bench cooler 

X 

1 

l 

X 

i 

1 

i 

X 

i 

1 

i 

X 

i 

! 

i 

X 

1 

1 

1 

X 

1 

i 

Instrument direct access functions 


f 

1 

1 


i 

1 

i 


! 

i 


1 

i 


1 

1 

1 


1 

1 

i 

• Test scan control (programmable 


1 

1 


i 

f 


i 

1 


1 

1 


1 

1 


1 

! 

scan angles j no. dwells) 

X 

1 

X 

1 

X 

I 

X 

1 

X 

1 

X 

1 

• Focal plane offset control 


1 


I 

X 

1 


1 


1 


1 

• Detector circuit disable 

X 

1 

1 

X 

1 

1 

X 

1 

1 

X 

1 

i 

X 

1 

1 

X 

1 

1 


^Electronics GSE and data handling/data reduction GSE not included 
2 Could use less elaborate equipment if not required for other tests 


in-orbit system tuning capability — could result in relaxation of some 
instrument performance requirements which, in turn, could result in relaxa- 
tion of prelaunch calibration requirements. 

Prelaunch spectral calibration to verify channel frequency 
setting is desirable; it is believed essential to verify instrument elit 
function response. Uncertainties in the effective absolute radiance error 
without prelaunch radiometric calibration, coupled with uncertainties in 
the range of absolute systematic errors that could be effectively corrected 
via in-orbit system tuning make prelaunch calibration of instrument off- 
set error appear desirable. It is possible that the on-board radicmetric 
calibration provisions, without prelaunch calibration, would result in 
slope error performance equal to or better than that with prelaunch cali- 
bration. Uncertainties in achievable instrument input/output amplitude 
linearity rreike prelaunch verification of instrument performance appear 
desirable. Prelaunch calibration to determine spatial radicmetric trans- 
fer ratios is essential. Measurement of instrument polarization sen- 
sitivity could probably be performed at the grating level. 

4.11 System Tuning 

System tuning (Para 2.1.6) is used in-orbit to reduce the 
effects of systematic system errors. The residual system tuning error 
is a function of the following system error components: 

• Reference errors 

• Radiosonde calibration errors (Ref 4-13) 

• Sampled field profile prediction errors 

— Clear column temperature 

— Surface temperature 

• Atmospheric/ surface parameter uncertainties 

• Transmissivity values 

— Clear column, standard atmosphere, at nadir 

— Effects vs. look angle 

— Effects of water vapor and other atmospheric con- 
stituents 

• Atmospheric emmissivity 

• Surface emmissivity 

• Surface reflectivity 
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o Instrument systematic errors 

• Knowledge of channel frequency 

• Knowledge of slit function response 

• Radiorcetric offset 

• Radiometric slope 

• Anplitude linearity 

• Other limiting uncertainties 

• "Ideal" profile retrieval precision 

• Equivalent nontunable instrument radiometric error 
effects 

Reference errors and other limiting uncertainties would place a 
lower limit on the residue 7 system tuning error, even if atmospheric/ sur- 
face parameter uncertainties and instrument systematic errors did not 
exist, and regardless of the size of the set of profiles used for tuning. 

Tuning can reduce only radiance errors or radiance error equi- 
valents. Since sounder systan measurements are nominally linear in terms 
of radiance but grossly nonl inear in terms of brightness temperature (Fig 
4-13, for example), tuning should be performed in terms of atmospheric 
transmissivity to reduce the effects of atmospheric/surface parameter un- 
certainties and of instrument equivalent radiometric offset errors. Con- 
ceptually, systan tuning by adjusting only atmospheric transmissivity 
values could compensate for instrument mean slope error (Fig 4-12) and 
mean amplitude linearity error (Fig 4-10). 

Baseline V assumes a single paos tuning algorithm which adjusts 
atmospheric transmissivity values. Conceptually, given a large enough set 
of tuning profiles, a second pass tuning algorithm in terms of radiance and 
of the form 


N£ - N£ + (ANq + B) 


(4.36) 


where 

Nq = sec nd pass corrected radiance values 
Nq = first pass corrected radiance values 
A and B = channel dependent matrices 


pass algorithm of the form 


oould reduce instrument slope error. A secor*3 

N o “ N o + CaG*# 2 + + C] (4 . 37) 

could reduce both insti-ument slope and amplitude linearity error. 

SleSS S1T ility °I a **»“5 o^rlir^tT^r^ST^ig^ty 

7f L requirements to be significantly reduced or, for certain 

system design options, virtually eliminated. It is alLlonck vable ^t 
system tuning performance would impose limits on the overall svst«n n^r- 
formance such that instrument requirements could be relaxed without Hcrni 
f leant degradation of achievable overall system perfoS^S ^ 

4*12 Baseline V Error Summary 

errors are J in ? le «?**"** element radiometric 

S n jST BtriC e 7° r waluea H channels XllS^ TSed 

^c^t values »nre Judged to be neglige, tSSTlTSSS'-E* 

Data quality flags are shown in the table. Where a reasonable numeric 

data base was available and we had confidence in the SS^v^Se 

data is marked as a "good value". Where a i Z^t Y the 

no*. o, ra UnWo nv 4 ,-u . : wnere a good numeric data base was 

K there were significant uncertainties in the error analy- 
sis method, data quality is marked as an "estimate". y 

tunable erroS'Se'^SS^J^ “ tU " i * l£ ' ° r "° ntUnable - »*- 

* i n l t0 - ■“>«*= ctror components are 

reduced by a factor of l//N in the composite footprint 

13 the number of individual f^tprints stSned to 
form the ccmposite. 

* Sf r ^ ted , f °^ P ^ int to footprint - These error components 
are not reduced in the composite footprint. 

* Correlated channel to channel - These relative channel to 
channel error components can be detrimental to the cloud 
filtering capability of the system. 

effect - <3 error corponents are long term systematic errors whose 

t,m£r<3S f? S e performance can he reduced by to-orbit system 

1 Some error conponents can be further divided into 

able and nontunable conponents. Seme nontunable conponents exhibit 
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Table 4-33 RadiometriG error summary per footprint element 
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more than one degree of correlation. Error component type flags in Table 
4-33 are largely qualitative. (They are used as guides, however, for 
making engineering estimates of the relative allocation of error components 
for the purpose of estimating overall system performance capability, ) 

System tuning error caponent numeric values were not determined 
during this Baseline V study. Neither were residual equivalent nontunable 
error values remaining after system tuning evaluated as a function of the 
range of these system tuning systematic error source values. System tuning 
error components are listed in Table 4-33 for completeness. 

Error opponents listed in Table 4-33 are further categorized 
and summarized in terms of their effects upon overall system profile re- 
trieval performance in Section 5 of this report. 
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SECTION 5 


5.0 


SYSTEM PERFORMANCE SUMMARY 


an m . For tbl ® Baseline V study, instrument requirements for an AMIS 
^ E^^ive sounder system were defined based upon results of system 
profile retrieval simulation and upon profile retrieval experience usina the 
physical method with operational HIRS data. Goal instruSS rS^ir^SL 
were chosen which would minimize instrument error contributions^ overall 
AMTS system performance. The Baseline V instrument concept was developed 
in an all-out attempt to satisfy these goal instrument requirements. ^ 

This section evaluates the extent to which the Baseline V 
approach and certain indicated modifications to the Baseline V approach — 
could satisfy the Baseline V goal instrument requirements. It alsc^um- 
marizes significant risk area^ and uncertainties associated with the 
Baseline V concept . 


5.1 


Baseline V Performance v s. Goal Instrument Re- 
quirements and vs. Estimate d AMTS InstoWpprf^nnn 
used for NASA/N OAA Tests " — 


,v>r- fT 1 ' 1 *° ntunabie » radiometric error component values 

f ?° tprint lor . each frequency band for those Baseline V error 
oompOTents Wtuch were numerically evaluated in Section 4.0 on an individual 
footprint basis are summarized in Table 5-1 (a). By using all individual 

10 ?v X 100 ton earth grid element for a three footprint 
^ algorithm, each canposite footprint near nadir contains 33 
footprints and, near the end of scan, 9 individual footprints. 

F 5 er £ or f ^ spectral crosstalk errors, numeric values were not 

calculated for bands 2 and 3. Estimated (interpolated) values for Sse 

SS 5 “ 1 ' , Es ^- rnate d ocmposite footprint nontunable 

!5, 1 . ?J ble 5-1 were derived fran Table 4-33 with relative non- 

COntributions “d relative random vs. correlated 
footprint-to-footprint error contributions taken into account, (it was 

use ?!”!! " Kentuck y windage" in the process. Residual 

" Data Needs / p erformance Questions" 

listed in Table 6-1 were satisfied. ) 

■Khroo awre Es t|^t e d . total nontunable canposite footprint errors for 
three AMTS configurations are listed in Table 5-1 (b). For comparison, 

NASA/Nnaa f 0 ^ 1 AWrs ^ntunable composite footprint errors used for the 

istrasra}? Tsbie 5 - i(c) <Ref a - i! para 2 - 2 - 2 ' ***» 2-5. 

f fP !„ C ° nfiguration of B ‘ 1 ^able 5-1) is the Baseline V 
4 V, ! presence of sunlit clouds (B.l.a) instrument NEAT is 
in , band f in band 3 due to scene polarization 

b?^ ^f?!f S , and spG ^ al crosstalk errors. (These error components would 
be very small for soundings on the mghtside of the Earth) . Far footprints 
near the end of the crosstrack scan, NEAT for band 1 is greater thSnthe 
goal requirement of 0.1 K but close to the values used in the NASA/NOAA tests. 
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In the presence of sunlit clouds but using image processing 
to remove spatial crosstalk errors (B.l.b), bard 4 NEAT is still excessive 
due to scene polarization effects. (Note in Tables 4-15 and 4-33 that the 
channel to channel correlated relative radiometric errors for both bands 
3 and 4 could be quite large, and could still be detrimental to system 
cloud filtering capability.) 

In the absence of clouds, but using image processing (B.l.c) — 
Which may not be necessary under these additions — NEAT for bands 2, 3, 
and 4 is significantly below the goal instrument requirement and approaches 
the values used for the NASA/NOAA tests. NEAT in band 1 still exceeds the 
goal instrument requirement near the end of scan. It is significantly less 
than the value used for the clear column NASA/NOAA tests and approaches the 
value used for the cloudy profile NASA/NOAA tests. 

The AMTS configuration of B.2 (Table 5-1) uses a higher order 
multiblaze grating in the instrument to reduce polarization errors and 
image processing. to eliminate spatial crosstalk errors. NEAT in bands 
2 , 3, and 4 is significantly less than the goal installment requirement 
but greater than the NEAT values used in the NASA/NOAA tests. NEAT in 
band 1 is significantly greater than the goal instrument requirement and 
is significantly greater than the value used for the cloudy NASA/NOAA 
tests. 


The AMTS configuration of B.3 (Table 5-1) uses the basic Base- 
line V spectrometer with a longer focal length telescope to give 10 x 10 
km spatial resolution at an altitude of 1350 km. By using only nightside 
soundings — Which will give full earth coverage once in each 24 hour 
period — the effects of scene polarization are eliminated. Image pro- 
cessing, if required, would be used to eliminate residual effects of spatial 
crosstalk* NEAT performance for bands 2, 3, and 4 is well below the goal 
instrument requirement and approaches the NEAT values used for the NASA/NOAA 
tests. NEAT for band 1 is greater than the goal instrument requirement, 
tut is comparable with the values used for the NASA/NOAA tests. (Nightside 
soundings only, from two Baseline V instruments on two satellites near the 
Baseline V orbit altitude would result in the same performance listed for 
the clear condition with image processing in line B.l.c of Table 5-1.) 

Table 4-33 shows that tunable radiometric errors due to the 
instrument are less than the goal instrument requirement of 1.0 K AT. 

They are equal to or less than the systematic error components assumed for 
the NASA/NOAA tests (Para 2. 2. 2r Table 4—31). Noninstrument system tuning 
radiometric errors were not numerically evaluated as a part of the Baseline 
V study effort. If these systematic error components were included, it is 
believed that nontunable error components would equal or possibly exceed 
the values used for the NASA/NOAA tests. It is believed that, with system 
tuning, these systematic radiometric errors do not present a problem in 
terms of overall system performance capability. 

System simulation results, including the NASA/NOAA tests, show 
a graceful degradation in the accuracy of profile retrievals as a function 
of instrument radiometric performance degradation. Based upon Baseline V 
instrument error analysis, the unmodified Baseline V configuration, includ- 
ing image processing, probably would not satisfy the overall performance 
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gc4ls of the AMTS system. Modification of the sounder system to use pri- 
marily nightside sounding data — either by using a higher orbit altitude or 
by using two satellites near the current TIROS altitude — or modification 
of the basic instrument to reduce its polarization sensitivity in the 
presence of sunlit clouds would effectively satisfy the profile retrieval 
performance goals for the AMTS. 

5 • 2 Baseline V Approach - Risk Areas and Uncertainties 

A major purpose of the Baseline V instrument study was to de- 
termine the limits and constraints imposed upon a passive IR AMTS system 
by achievable instrument technology. This paragraph addresses what, at 
one time or another, have been considered to be significant technological 
risks in terms of achieving estimated instrument performance. 

5.2.1 Wing Response Crosstalk 

Uncertainties in wing response crosstalk on system performance 
are discussed in Para 4. 3. 3.1. This uncertainty contains two issues: 

«) The obtainable instrument slit function response. 

• The residual nontunable system radiometric error component 
for a given slit function response. 

'The first issue could be resolved through analysis and computer 
modeling, supported by laboratory tests using setups based upon a standard 
laboratory grating monochomator. The second issue could be resolved 
through computer modeling using a statistical set of atmospheric profiles. 

It is believed that this uncertainty does not represent a high 
risk. It is significant in the sense that, if there is a problem, there 
is no obvious way to correct it through instrument design or system trade- 
offs . 


5.2,2 Grating Efficiency and Polarization Sensitivity 

Uncertainties in the Baseline V grating efficiency and polari- 
zation sensitivity are discussed in Para 3. 1.1. 2. Resolution" of these 
performance uncertainties for the relatively low order Baseline V grating 
would require building sample gratings and testing them using AMTS angles. 
For a higher order multiblaze grating, residual performance uncertainties 
could be effectively removed through analysis. The buildability of a 
rather coarse pitch multiblaze grating could be a problem. This uncertainty 
could be removed through consultation with grating manufacturers and pos- 
sibly through fabrication and test of a coarse sample grating. (The degree 
of relative p iase control required between blaze sections of a multiblaze 
grating could be influenced by resolution of the issue of obtainable 
instrument slit function response (Para 5,2.1).) 
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5.2.3 


Image Plane Complexity 


Concern has been expressed that the instrument image plane 
assembly, discussed in Para 3.3.2, would be both complex and expensive. 
Relative to a single detector instrument this inage plane is complex, but 
it is not particularly complex compared to seme military image plane assem- 
blies. It would be a significant coat factor in overall instrument cost. 

We believe this study has shown, however, that for an all IR passive sounder 
capable of improved vertical resolution, image plane complexity is unavoid- 
able, whatever the instrument approach. 

Image plane requirements do not represent a technical con- 
straint upon buildability of an AMTS instrument. 

5.2.4 Detector Performance 

The basis for detector/ preamp limited performance estimates is 
discussed in Para 4,2.1, Detector/preamp limited performance uncertainties 
are discussed in Para 4. 2. 1.1. We believe detector/preamp D* values esti- 
mated for Baseline V are reasonably conservative. Nevertheless, an element 
of black art remains in the fabrication of IR detectors. One cannot actually 
know what D* ' s can be achieved for the AMTS until the detectors are actually 
built for the AMTS. Without too much effort, however, the uncer tain ty 
associated with AwTS D* estimates could be reduced by working with detector 
manufacturers to test the validity of detector/preanp D* models of Appendix 
P and the parametric equations of Para 3, 1.1.4. In effect, known detector 
material and operational parameters would be used to calculate D* perfor- 
mance for existing detectors under conditions for which existing performance 
data was measured. 

It is believed that detector/preanp performance would not rep- 
resent a technical constraint upon the feasibility of an AMTS instrument. 

It is quite possible that effort expended to optimize detector performance 
within the detector operating environmental constraints imposed by the 
instrument would prove to be cost effective. 

5.2.5 Detector Immersion 

Gscmanium immersion lenses are used for the PC HgCdTe detectors 
of channels 1 through 11. Failure to immerse these detectors would result 
in an increase in NEAT by a factor of « 4. This study has established the 
necessity for immersion, both to control NEAT and to control detector bias 
pewer thermal loading upon the detector cryostat. 

The preferred method of immersion is to use an immersion cement 
to mount the lens upon the detector and its substrate. Detector manufac- 
turers point out that the basic problems of glue line thickness and thermal 
compatibility associated with mounting these detectors upon their substrate 
have been solved. To immerse the AMTS detectors, it would be necessary to 
find an otherwise suitable cement which has an appropriate index of refrac- 
tion (>1.5), is optically transparent at the desired wavelengths, and is 


Table 5-1 Sumra 


A* 


B. 


C. 


Nontunable error components 

1) Spectral errors 

2) Signal channel random errors 

3) Spectral crosstalk 

4) Polarization error 

5) Spatial crosstalk 

7) Chopper and electronic errors 

8) Nuclear radiation (after 5 years in orbit) 
10) Prelaunch radiometric calibration 


Total (RSS) nontunable errors vs system configuration 

1) Baseline V Spectrometer? 833 km altitude 

a) Clouds 

b) Clouds? image processing 

c) Clear? image processing 

2) Higher order multiblaze grating spectrometer? 833 km alt.? 

clouds? image processing 

3) Baseline V spectrometer? 1350 km altitude? 

clouds? nightside soundings? image processing 


Total (RSS) nontunable errors used for NASA/NOAA tests 

1) Clear (20 x 20 km composite footprint, 

2) Clear (noise doubled) 

3) Cloudy (30 x 30 km composite footprint) 


^For Baseline V? 33 individual footprints per composite near nadir? 
9 near end of scan 


Mean IS 


BAND 

1 


Near 

End 

N 

Nadir 

Scan 

N 

0.020 

0.020 

*0 

0.083 

0.157 

0 

0.037 

0.037 

"0 

0.023 

0.023 

0 

<.001 

<.001 

0 

0.014 

0.015 

0 

0.006 

0.011 

0 

0.020 

0.020 

0 


0.099 

0.166 

0 

0.099 

0.166 

0 

0.099 

0.166 

0 

0.173 

0.318 

0 

0.112 

0.193 

0 


0.231 0, 
0.462 0, 
0.154 0, 


JpW 

( FOUJOUT frame 


' nri .1 


Table 5-1 Summary estimates of nontunable NEAT per composite footprint 3 - 



Mean NEAT (K) for All 

Channels and Profiles 


BAND 1 

BAND 2 

BAND 3 

BAND 4 

Near 

Nadir 

End 

Scan 

Near 

Nadir 

End 

Scan 

Near 

Nadir 

End 

Scan 

Near 

Nadir 

End 

Scan 

0.020 

0.020 

0.016 

0.016 

0.011 

0.011 

0.007 

0.007 

0.083 

0.157 

0.007 

0.013 

0.003 

0.005 

0.016 

0.030 

0.037 

0.037 

0.028 

0.028 

0.019 

0.019 

0.010 

0.010 

0.023 

0.023 

0.012 

0.012 

0.053 

0.053 

0.160 

0.160 

<.001 

<.001 

0.002 

0.002 

0.102 

0.102 

2.741 

2.741 

0.014 

0.015 

0.010 

0.011 

0.006 

0.006 

0.005 

0.005 

0.006 

0.011 

0.001 

0.001 

0.001 

0.001 

0.002 

0.004 

0.020 

0.020 

0.015 

0.015 

0.008 

0.008 

0.007 

0.007 



0.099 

0.166 

0.040 

0.042 

0.117 

0.118 

2.746 

2.746 


0.099 

0.166 

0.040 

0.042 

0.057 

0.059 

0.162 

0.164 


0.099 

0.166 

0.040 

0.042 

0.021 

0.026 

0.025 

0.036 

tit . ; 

0.173 

0.318 

0.040 

0.046 

0.022 

0.027 

0.037 

0.063 


0.112 

0.193 

0.040 

0.043 

0.021 

0.026 

0.026 

0.040 


0.231 


0.014 


0.022 


0.043 



0.462 


0.028 


0.043 


0.085 



0.154 


0.009 


0.014 


0.028 


ar nadir; 
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compatible with the necessary AR coatings used upon the immersion lens and 
the detector surfaces. Detector manufacturers stated that many candidate 
materials having an index of refraction in the desired range are available. 
It would be necessary to test their optical transmissivity at the desired 
wavelengths until suitable materials are found , Finally, it would be neces- 
sary to design the AR coatings for the detector and the mounting surface of 
the immersion lens to be ccmpatible with the index of refraction of the 
immersion cement. Another inmersion method being used by detector manufac- 
turers consists of mechanically holding the inmersion lens ini very close 
contact with the detector surface without use of an immersion, interface 
medium. This would present a more challenging mechanical problem for the 
AMTS, but it does represent a bail-out if suitable immersion cements could 
not be found. 

It is believed that detector immersion does not represent a 
technical constraint upon the buildability of an AMTS instrument. The 
residual uncertainly could be resolved by searching for suitable inmersion 
cements and demonstrating the performance of an immersed interface. 

5.2.6 Collimator Corrector Lens 

Concerns have been expressed about the availability and cost, 
optical mounting, and prelaunch environmental protection requirements 
associated with the Baseline V instrument KBr Bouwers collimator corrector 
lens. 


The following information was obtained in telephone conver- 
sations with the Harshaw Chemical Company: 

• KBr is the preferred material for the AMTS application. The 
cesium compounds (CsBr and Csl) grow as one crystal, but the 
crystal structure changes during cooling. More than one 
lattice structure is possible; consequently, the crystal 
axis changes over the volume of the boule with resultant 
changes in crystal properties. 

• Transmissivity of KBr improves as the material is cooled. 

The thermal expansion coefficient as a function of tempera- 
ture has been measured as: 


Thermal Expansion 

Temp. (K) Coefficient 


223 

42 x 10 " 6 

253 

41 x 10-6 

273 

40 x 10"6 

293 

41 x 10 " 6 

313 

45 x 10-6 
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• Harshaw has furnaces capable of growing a boule of KBr 76 cm 
(30 in. ) in diameter. It is difficult to grew a single 
crystal of this size, however. The primary concern is with 
mechanical properties at crystal boundaries. There tends to 
be 3rd or 4th decimal place variation in mechanical properties 
between different crystals. Harshaw is comfortable with 
crystals up to 25 to 30 cm (10 to 12 in.) in diameter. 

• The ROM cost for a large single crystal of KBr ia $100K for 
the first run. Subsequent runs would probably cost less, 
since the material is salvagable. A finished Baseline V 
ground and polished lens would cost about $150K. The bulk 
of this cost, is in the material. It could take a number of 
tries to obtain a suitable boule of KBr. 

• An alternate approach for building the large AMIS lens is to 
forge it from a block of KBr using pressure and temperature. 
Heir shaw has the presses and they have forged NaCl up to 51 cm 
(20 in.) in diameter. They have little experiencce forging 
KBr. Since both NaCl and KBr are cubic crystals, however, 
they would expect similarity in forging characteristics. A 
forged lens would be pressed close to the final dimensions. 
Sane final grinding and finishing would be required to 
finish the lens. The forged diameter is larger than the 
diameter of the blank from which the lens is forged — by a 
factor of about 1.25. Forging results in a material consist- 
ing of 20 to 60 iiin particle sizes, where each particle is 

a single crystal. Optical properties of the material are 
unchanged. Forged material does not have cleavage planes? 
its mechanical properties are improved. Harshaw is not too 
concerned about being able to grow blanks suitable for 
forging. 

Collimator spherical aberrations were examined as a function of 
error in compensator lens radii and index of refraction. These exploratory 
ray trace results showed that the collimator optical performance is rela- 
tively a very slew function of corrector lens fabrication and alignment 
errors. "Soft" mounting of the KBr lens within the optica], bench is fea- 
sible. 


KBr is successfully used in critical applications in other 
instruments — ATMOS, for example. Even if the KBr corrector lens could 
be eliminated, the KBr gas check window would still require environmental 
protection for the instrument prior to launch. 

It is believed that the KBr corrector lens does not represent 
a technical constraint upon the buildability of an AMTS instrument. 

A satisfactory all reflecting collimator configuration for the 
AMTS grating has not been found. A monocentric Schwarzschild double pass 
collimator configuration would not allow the grating to be placed at its 
center of curvature, resulting in a very wide physical aperture with opti- 
cal aberrations being a function of field angle. The spherical image sur- 
faces of a Schwarzschild collimator used with a Schwarzschild telescope 
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would be mismatched at the inlet slit, since they curve in opposite direc- 
trons. A Schwarzschild collimator woulc, be much larger than the Bouwers. 
The Schwarzschild has an overall length to focal length ratio of about 

4 ’i 1 ' • CCf I?ff ed , t0 aboufc 2,1:1 for the ’bouwers. Wide field all reflecting 

also te nd to '°e quite large. The optical system 
described in Ref 5-1, for example, would have an overall length to focal 
length ratio between 3:1 and 4:1. Since this optical system has a rela- 
tively flat field, image surfaces would tend to match at the inlet slit for 
an instrument using this optical system for both the collimator and the 
foreoptics telescope. Like the Schwarzschild, this optical system would 
gratmg to be placed in a "natural" pupil plane, which would 
further limit its useful field angle where used in a double pass collimator 
configuration. A Schmidt collimator would require that the gratinq be 
ruled upon a figured substrate. This is believed to be impractical for a 
system using a high dispersion eschelle grating. In addition, the degree 
of grating groove shape control needed for the AMTS favors a micrcmachined 
grating ( Para 3 , 1 . 1 . 2 and 3.1.4). A multiblaze grating for this application 
would almost certainly require micrcmaching. Currently, it is not feasible 
to micrcrnachine a grating upon a figured substrate. 


5.2.7 


Radiative Coolers 


Concerns have been expressed that the 75 K detector cryostat 
temperature could not be obtained using passive radiative coolers. Neither 
tne basic physics governing cooler performance nor experience with building 
and testing large radiative coolers (Ref 3-3) support this viewpoint. The 
Baseline V detector cooler (Para 3. 3. 5. 2) is conservatively designed, with 
parasitic heat loads that scale closely to those of the test cooler de- 
scribed in Ref 3-3. JPL is currently testing an advanced radiative cooler 
design that is much more efficient than this Baseline V design. 

For instruments which can be serviced in orbit, various active 
cooling approaches c*xild be used. Where a suitable orbit is available, 
however, and where a suitable field of view is available for the cooler, 
radiative coolers are still prdbably the preferred approach. It is be- 
lieved that cooling requirements do not represent a technical constraint 
upon the buildability of an AMTS instrument. 

5,3 System Feasibility Summary and Conclusions - Baseline V Concept 

Within the constaints of the AMTS Baseline V study concept, 
study results lead to high confidence that an all IR sounder system using a 
grating spectrometer instrument approach is technically feasible. It is 
believed that the only significant physical uncertainties concern wing 
response crosstalk (Para 5.2.1) and possibly multitolaze grating buildability 
(Para 5.2.2). Both of these uncertainties would be relatively easy to 
resolve. All identified additional uncertainties, including those identi- 
fied in Para 5.2.3 through 5.2.7, are engineering type problems which are 
normally resolved at the detail design level; indeed, most of them could 
only be resolved at the detail design level. 
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Far more is now known about the Baseline V instrument approach 
than is normally known when conmitting to an instrument hardware program. 
Prior to building an instrument using the Baseline V concept, however, 
another pass should be made at optimizing the instrument detailed con- 
ceptual design, including instrument cost as a consideration. Most of the 
analytic tools needed for performance optimization are described in this 
study report. Cost considerations could be made visible by developing a 
detailed cost model for the Baseline V instrument design. This cost rrodel 
should show cost slopes for those instrument parameters where cost/per- 
formance trade-offs could be considered. The availability of a consistent 
detailed conceptual design and cost model would provide a powerful tool 
for evaluating design trade-offs, including possible alternate design ap- 
proaches . 


This Baseline V study has provided insights into options and 
trade-offs for passive atmospheric sounder systems beyond the constraints 
of the Baseline V study concept > Some of these considerations are identi- 
fied in Section 6.0. 
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SECTION 6 


6.0 ADVANCED SYSTEM DESIGN CONSIDERATIONS 

IR instrument options and constraints are reasonably well under- 
stood. It is now possible to seriously explore advanced sounder system 
aspects beyond hardware design. The system design selected from the pos- 
sible options can have an impact on system performance, instrument catplex- 
ity, the satellite vehicle, ground processing software, and system develop- 
ment costs and risks. Trade-offs necessary to arrive at an acceptable 
and reasonably optimal — system design involve manipulation of a multi- 
dimensional, interactive set of considerations: 

• System performance requirements 

• Hardware 

-Satellite instrument 
-Radiosondes / rocketsondes 

• Software/ccmputer capability 

• System costs 

• Hardware 

• Software 

• Options and constraints 

• Hardware design 

• System design 

Seme of these considerations are identified in Table 6-1 . In 
the left hand coluim of this table, considerations are listed in sections A 
through L as they apply to the corresponding instrument requirement spe- 
cified in Para 2.3. Questions concerning the corresponding table section 
data needs are listed in the right hand column of the table. These are 
items which could be considered; they may or may not offer an advantage in 
terms of performance or cost. Most of the residual uncertainties in the 
Baseline V study results could be resolved, however, if the "Data Needs/ 
Performance Questions" listed in Table 6-1 were satisfied. 

While the considerations listed in Table 6-1 retain a Baseline 
V flavor, the basic principles involved tend to be coraron to other instru- 
ment approaches. Spatial crosstalk, for example, will be present in any 
instrument approach, and significant scene polarization sensitivity will be 
present in any instrument using a beam splitter or angled dichroic beam 
divider as well as in a grating instrument. 

The Baseline V performance is near the limit of what is prac- 
tically obtainable from a grating spectrometer instrument approach provid- 
ing full earth coverage once in each 24 hour period. Parametric and scal- 
ing equations (Eq 3.10 and 3.22) allow Baseline V detector/ prearqp noise 
limited performance to be scaled in terms of: 


• Earth coverage 

• Altitude 

• Crosstrack scan width 

• Spatial resolution 

• Pixel size 

• Composite footprint area/earth coverage grid size 

• Instrument parameters 

• Instrument scale 

• Number of elements in the pushbroom array 

• Grating optimization criteria 


, . . . , Table 6-2 %s an example of scaling the relative detector noise 

° r a ? umber of IR sounder system configurations. Foot- 
print configurations considered in Table 6-2 are illustrated in Fig 6-1. 
Sources and characteristics of radiometric error in addition to detector/ 
preamp error must be considered When evaluating alternate sounder system 

aHnm C 5r /“ 1 ** ' Ihis is Particularly important for configur- 

ations for Which detector/preamp limited performance for the comp osite 

. footprint is no longer the major error ccrponent in limiting overall system 


Initial coat factors for instrument cost/performance trade-off 
studies are best derived from a built-up cost model of a well defined base- 
line instrument (Para 5.3). The instrument cost model can then evolve as 

orovih c Cost factors for a wider r ange of system issues are 
derived from a cost model of a total system baseline. Again, 
this cost model can evolve as the baseline system evolves. For this wider 
range of system issues, What cost factors are and What cost factors are not 
to be included m the cost/performance trade-off must be defined. 

Whatever the instrument approach, this study illustrates the 
inportance of identifying all sources of system error and of understanding 
their inpact upon overall system performance as a basis for committing to 
major hardware or software development. The results of this study also 

^ OVe 5 ri ^ ing requirement for the next generation atmospheric 
sounder will remain high precision radicmetry, and that the basic physics 
of the problem will require a relatively complex instrument. 
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Table 6-1 (conti 
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is used (Para 3. 1.1. 2, 4.4.3). 




Table 6-1 ( contjjiued) 



Table &■ 


Relati ve detector noise limited composite footprint NEN for seme 
possible AMTS system configurations with respect to that of th 
Baseline V system configuration 


System Configuration 

l 

1 

1 

1 

Composite Footprint Ratio 

Mtltuae 


i — 050 tan r 

H r 

| Full 0.7 

833 tan 1 

r 

Full 0,7 1 

scale scale 1 

/us Km i 

r 

Full 0.7 1 

scale scale I 

Full 0.7 

scale scale 

%®AY “ 16 

1 

1 


1.0® 






Pixel ■ 10 x 10 tan 
ISW ■ 10 W X 7 L (tan) 
Step scan 

| 1.18 
1 
1 
1 

1.69 

1.43 j 

0.94 

1.34 

0.65 

0.93 


NaRRKY “ 8 

1 

1 

j 







. 1.11 

Pixel « 10 x 10 tan 
IFOT »5«* 8.5 L. (tan) 
Constant velocity scan 

1 1.40 

1 
1 

2.00 

1.19 

1.70 | 

1.12 

1.60 

0.70 


Pixel ■ 10 x 10 tan 
IfOT ■ 5 W X B.5 t (tan) 
Step Scan 

1 

! 1.69 

1 
1 

2.41 

1.49 

2.13 1 

1.42 

2.03 

1.05 

1.50 

Pixel * 10 x 20 tan 
IIOT « 10 W X 10 L (tan) 

1 1.61 
1 

2.29 

1.38 

1,98 1 

1.20 

1.86 

0.92 

1.32 

Step scan 

1 









1 Baseline V (reference) 



(BASELINE V) 

N ARRAY “ 16 
PIXEL * 10 X 10 km 
IFOV * 10X7 km 

S Wa /S ha * L43 

t slew " 7,179 sec 

STEP AND STARE 


8 

10 X 10 km 
5X8.5 km 
0.59 

4.341 sec 

CONSTANT ANGULAR 
VELOCITY 


8 

10 X 10 km ' 
5X8.5 km 
0.59 

7. 179 sec 
STEP AND STARE 



8 

10X20 km 
10 X 10 km 
1 

7. 179 sec 
STEP AND STARE 


Figure 6-1 Sane possible AMTS footprint configurations 
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SECTION 7 


7.0 STUDY SUMMARY AND CONCLUSIONS 

This report summarizes the results of a study covering the past 
eight years. The ultimate abjective of this study was to develop an advanced 
infrared atmospheric sounder system which could meet the requirements of 
the numerical weather prediction models of the 1990s. 

This study has defined a passive infrared baseline sounding 
system and has identified a set of goal instrument performance requirements. 

A set of parametric equations has been developed which define instrument 
detector noise limited performance for a grating spectrometer in terms of 
instrument and system parameters. These equations identify the degrees of 
freedom available for instrument design. Optical design criteria for a 
state-of-the-art instrument have been specified, and a detailed conceptual 
design of a baseline grating spectrometer instrument has been developed in 
accordance with these criteria. Ehd-to-End system performance has been 
estimated based upon an error analysis of all identified sources of instrument 
and system errors. 

The study has demonstrated with a high degree of confidence 
that implementation of a passive infrared Advanced Moisture and Temperature 
Sounder (AMTS) is technically feasible. This sounder would be capable of 
substantially increasing the vertical resolution of atmospheric temperature 
profiles and of improving their accuracy, even in the presence of broken 
clouds. This Baseline V AMTS study report, within narrow limits, establishes 
the highest level of performance achievable with a stand-alone infrared 
sounder using current state-of-the-art technology. 

Basic principles established during this study have a high 
degree of applicability to any high precision passive infrared sounder 
capable of full global daily coverage. They show that the next generation 
sounder system will require an instrument capable of: 1) multispectral 

observations of the atmosphere and surface, 2) relatively high spectral 
and spatial resolution, and 3) high radiometric precision. It will of 
necessity require arrays of detectors to simultaneously achieve spectral 
resolution, spatial coverage, and radiometric precision. In-orbit system 
tuning, using radiosondes and predictive fields as a reference, will be 
required to reduce systematic errors. A number of error sources identified 
for the Baseline V system and the order of magnitude of the resulting system 
errors are believed predictive of the performance achievable with the next 
generation passive infrared sounder, whatever the exact system and instrument 
approach. 


While a Baseline V AMTS sounder is technically feasible and 
would achieve superior performance compared to current operational sounders, 
it is also, compared to these sounders, a large and complex instrument. The 
design concepts and parametric equations presented in this report, could be 
used to explore a middle ground between the higher performance and complexity 
of a Baseline V AMTS and the lower performance and complexity of current 
sounders . 
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APPENDIX A 

JPL Sunmary Analysis of P.E. FTS Study Report (Ref 1-1) 


A-l 


JPL Comments on Perkin-Elmer Report #15407 
(January 24, 1983) 


Two instrument approaches for a LEO AMTS have been examined in some de- 
tail, The system performance capability of a multi-channel grating spectro- 
meter baseline design has been examined in-house by JPL. A comprehensive 
report detail inq grating spectrometer options and constraints upon an AMTS 
system is currently being prepared. Nn un-resol ved problems have been iden- 
tified for the grating spectrometer approach, which we believe to re the lower 
risk AMTS instrument approach by some margin. Consequently, the grating spec- 
trometer is currently the baseline instrument being used for the AMTS system 
study effort. 

The feasibility of using a Fourier Transform Spectrometer (FTS) for the 
AMTS instrument was also investigated. The major portion of the effort was 
performed by Perkin-Elmer Electro-Optical Division under contract to JPL. 

The use of a Fourier Transform Spectrometer as the very high precision rad- 
iometer required 0y a LEO AMTS represents a problem of considerable complex- 
ity. All issues relating to this problem could not be resolved by this ini- 
tial study, and additional issues have been identified after the study was 
completed. Major identified problems and uncertainties which can discrimin- 
ate against use of the Fourier Transform Spectrometer for this application are 
listed below. A more detailed comparison of the Fourier Transform Spectro- 
meter approach with the baseline grating spectrometer for the LEO AMTS would 
require updating and extending this initial FTS study to arrive at a base- 
line FTS instrument having a maturity comparable with that of the grating 
spectrometer baseline design. This would be a task of considerable magnitude. 
Currently, this effort does not appear to be justified. 

1) Detectors and Preamplifiers 

The requirements for amplitude output vs input linearity for the FTS 
signal channels are rather severe. We know of no available data base 
for detector linearity at the level of precision required by the AMTS. 
The possibility of using multiple calibration targets to calibrate for 
a non-linear response can be used with a grating instrument, but we do 
not believe it can be used with the FTS. 

The requirement to provide heavy pre-emphasis to correct the amplitude- 
frequency and phase-frequency distortion introduced by the Band 3 and 
Band 4 detector/preamps which will remain accurate and stable over the 
dynamic range, environmental conditions, and lifetime of the AMTS in- 
strument is cause for concern. 

The JPL detector D* model predicts values of D* that are less than 
those listed in the P.E. study report. There is a risk that acceptable 
signal -to-noise ratios may not be achievable for the Band 4 Channels. 

2) Residual Image Motion During a Spectral Scan 

The baseline interferometer provides image motion compensation (IMC) 
only for spacecraft motion with respect to a plane tangent to the 


earth's surface at nadir. This does not correct for the following 
sources of Image motion: 

• Variation of land surface above mean sea level. («0 to 9km) 

• Cloud height above mean sea level. (*0 to 15km) 

• Distance below the nadir horizon of the earth's surface as a func- 
tion of scan angle. This Is *78km at a scan angle of 48 degrees. 

If IMC as a function of scan angle were provided, a residual error 
due to tilt of the local horizon plane with respect to the nadir 
horizon plane would remain. Over the area of the footprint array, 
this would amount to about ±33km equivalent altitude error at a 
scan angle of ±48 degrees for the near and far corner footprint 
elements of a 10 x 10 array of 10km by 10km footprint elements. 

• Earth rotation effects vs latitude and the spacecraft velocity 
vector. Earth rotational velocity is «0,463km/sec at the equator. 
This represents about a 5 percent area displacement at approximately 
right angles to the spacecraft velocity vector for a 1 sec dwell 
time for a 10 x 10km footprint. In theory, IMC could remove these 
effects at the price of increased instrument complexity. 

• Spacecraft altitude and attitude effects. In theory, IMC could re- 
move these effects at the price of Instrument complexity provided 
spacecraft altitude and attitude parameters were available to the 
instrument from on-board the spacecraft in real time. 

• Possible footprint rotation effects due to IMC Implementation. 

Radiometric errors due to uncompensated image motion would be depen- 
dent upon scene contrast and pattern. The magnitude of these errors 
has not been determined. 

3) Scene Polarization 

Current analysis indicates that scene polarization due to the scat- 
tering of solar radiation from clouds and ground haze can result In 
significant instrument radiometric error. At this point, we do not 
know how to eliminate this error in an AMTS FTS instrument. 

4) Instrument Line Function Wing Response Spatial Crosstalk. 

Perkin-Elmer has shown that on-board data processing of the number of 
interferograms required by a LEO AMTS using a Fast Fourier Transform 
(FFT) would result in excessive circuit and power requirements; con- 
sequently, the baseline FTS uses a Discreet Fourier Transform (DFT) 
algorithm. JPL modeling indicates that the propose DFT algorithm 
is perfectly orthogonal only at the design wavelength. Unless the 
interferogram is properly compensated and phased, the DFT algorithm 
will yield a different radiometric value for other wavelengths within 
the passband for an interferogram scanned left-to-right vs one scanned 
right-to-left. 
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JPL analysis of line function wing response spectral crosstalk for 
an FTS instrument shows that with proper apodization an FFT algorithm 
can produce satisfactory performance. Preliminary JPL modeling of 
the DFT algorithm, however, indicates that excessive wing response 
crosstalk may be encountered. This issue has not been resolved. 

5) Radiometric Calibration 

A distributed blackbody calibration source within the near field of 
an Instrument focused at Infinity will not be imaged at the normal 
input image plane. Consequently, the ray bundles within an inter- 
ferometer cavity corresponding to individual point sources in the 
calibration source will be grossly decol 1 iinated 0 The radiometric 
implications of this for an interferometer are not clear. (We have 
an intuitive feeling that the approach will work, though possibly 
with some radiometric offset compared to normal scene radiance which, 
hopefully, could be calibrated out. This case has been examined for 
a grating spectrometer for the case of a plane wave incident upon 
the Inlet slit of the instrument. Under these conditions a grating 
spectrometer continues to function, but the physics of its operation 
are entirely different from the case where an image is formed at its 
entrance slit.) 

There is concern about the radiometric precision of a calibration 
approach that would only check signal channel responsivity slopes— 
via space looks— twice per orbit. This places very severe stability 
requirements upon a system that may exhibit sensitivity to nuclear 
radiation encountered in its environment, which is sensitive to ther- 
mal variation of its internal self-emission and in which detector re- 
sponsivity is a fast function of detector temperature. There is a 
further concern about obtaining adequate repeat radiometric calibra- 
tion of all gain steps in a system using gain switching amplifiers. 

6) Interferometer Cavity Alignment 

Interferometer cavity alignment shifts can result in both a shift in 
the center frequency and in the instrument line shape in an imaging 
interferometer. The proposal to use a plane mirror system with no 
means of monitoring or correcting cavity alignment after launch means 
that there would be no in-orbit update of knowledge about these AMTS 
system critical parameters. It may be very difficult to establish 
confidence in such an approach. It appears that, at the cost of con- 
siderable complexity, cavity alignment could be monitored by using an 
expanded and diffused helium-neon laser beam within both interferometer 
cavities in conjunction with 10 x 11 element laser frequency detector 
arrays. It might even be possible to obtain sufficient aliynment 
data from a much smaller number of laser frequency detectors properly 
placed within the overall array geometry. 

7) Signal Handling Electronics 

Conditioning and processing 550 interferograms per second requires far 
more complex interferometer instrument signal handling electronics 


than are required by a grating spectrometer. This results in con- 

P?w er , r ® c l u i renie nts, cooling requirements, and in-orbit 
reliability for the interferometer instrument as compared with the 
grating spectrometer. 

8) Laser Reliability 

??nrn a llJ b0 MTap 17 ReV \£ l^ s 12000 hr * MTBF for helium-neon lasers. 
12060 hr. MTBF means that 67 percent of a group of lasers would have 

77 nnn^ aft MToc 8 continuous operation. Hughes Aircraft claims 

37000 hr. MTBF with 60 percent confidence, based upon life test on 

26 hard seal helium-neon lasers, 37,000 hr. MTBF means that 30 per- 
cent of a group of lasers would have failed after 18 months contin- 
uous operation. This corresponds to 50 percent after 3 years, and 
69 percent after 5 years. 




Development of Parametric Expansion of SK^/mi 


e i.-u a PP erv '^ x develops the parametric expansion of /a* /A n 

ffi i ^ S *. ^ fir8t ^Sratlon 

s*£?5““ is t ere “• **«*« lle ° ttX^phS™ 8- 

SJLS f th ! third configuration is Where the ray bundle has been 
imaged onto a detector plane behind the image plane (Pig B-2b) The 
grating parameters are shewn in Pig B-l. ■me wiaSSs S are!' 


Jf 

^gcc 

Aft 

a 

3 

!da| 

I — I « 

!du| 

d 

Dh 

% 

^ca 

^c3 

% 


*= detector area 
“ true grating area 

*“ Projected grating area with respect to a 
“ area-solid angle product of instrument 
= grating incident angle 
^grating diffraction angle 

““ grating spectral dispersions 
!du| 

- distance between the field lens and the exit collimator 
= detector height 

= detector width 

- inlet collimator focal length 
= exit collimator focal length 
= field lens focal length 


^d 



~~ 2 ~ ^ s 3o " f c$) + 1 
f c3 


* detector size factor 


£>w3 

“ - slit factor 

^wed 


F/NO = field lens F/NO 

^Ha — projected grating height with respect to a 
°Wa = projected grating width with respect to a 
°H3 = projected grating height with respect to 3 
°W 3 = projected grating width with respect to 3 
Hg = true grating height 

Ig = true grating width (normal to grating grooves) 

Md = magnification of field lens 
M 3 = magnification of exit collimator 

Mr = total magnification of field lens and exit collimator 
n - index of refraction of a hemispherical immersion lens 
v - optical channel wavenumber 
Au = optical channel bandwidth 
A% = optical channel bandwidth when F s - 1 
s oo ~ distance fran the inlet collimator to the grating 
s 3i ~ distance fran the exit collimator to the (real or virtual) 
image of the grating formed by the exit collimator 
s 3 o ~ distance fran the exit collimator to the grating 


distance fron detector lens to detector (Fig B-2b) 
distance from the field lens to the image of the grating formed 

by the field lens and the exit collimator 

distance from the field lens to the image of the grating formed 

by the exit col'limator . 

distance from the exit slit to the detector lens (Fig B-2b) 

inlet slit height 
inlet slit width 
exit slit height 
t exit slit width 
t width of the inlet slit image 
« width of the exit slit image 
• grating out-of-plane angle 

For the first configuration, it is assumed that the detector 
is rectangular, that the principle plane of the f iel*. lens is in the image 
plan^cTthe instrument and that the exit slit width ie gr^ter than or 
equal to the image of the inlet slit width. The area of the 
determined by the size of the image of the aperture stop (i.e., g„ating) 
in the detector plane. (The grating dimensions are imaged through the exit 

collimator and the field lens.) 


s dd 5 
s di ’ 

s do 

s ds 

^ha 

%ip 

BwP 

^wod 

SwPi 

0 


Treating the lenses one at a time, 
the two lenses can be written: 


* — >■ — 1 £<! 4 rwi 

XI\B LUtttJ. iuayux,!.j.'-aw*v»* 


s Pi 

Mg = 

s Po 

sdi 

Md“ — 

s do 

and 

sgi s d i 

Mr = m^ 

s Pd Sdo 

The detector dimensions are 

% “ g hp Mr 

% = Gwg Mr 

Using the thin lens relationship, 

and sgi > d, 

1 1 1 

spi fcp s Po 


( 1 ) 


( 2 ) 

(3) 

1 1 

, and assuming sgo > f c g 

f o 


(4) 
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Figure B-l Projected grating widths 



IMAGE PLANE/EXIT SLIT 



1 


(5) 


,;v N 


and 


111 
s di ^d 3 do 


and 


s do = s 3 i - d 


Substituting Bq 6 into Eq 5 with rearrangement yields 
f d ( s 0i " d) 


s di 


s 0i “ d + f d 
Rearranging Bq 4, 

^cP s Po 


s pi " 


s 0o " -cp 


Substituting Eq 8 into Bq 7 with rearrangement yields 
^cP 


s di = % 


Spo 

s po - d ( 1| 

fcP 


f cpspo + (spo “ fcpHfa - d) 


Finally, substituting Eq 6, 8 and 9 into Eq 1, 


f d 

Mji 


- f. 


•cP 


f cp I f cp spo + ( f d “ d) {ago - f c p) i 


( 6 ) 


(7) 


( 8 ) 


( 9 ) 


( 10 ) 


Similarly, for the case where s^ < f cB , the thin lens equations 
111 


cure 


s pi s^o f c p 

111 

s di f d s do 

s do = d + sg£ 


( 11 ) 


( 12 ) 

(13) 


which ccrribine to give the same % as Eq 10. 


VI* 
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( 14 ) 


Defining a detector size factor, 


Fa = 



f C0 s 0o + ($3 “ d Hspo “ f C0) 


For the configuration of Fig 3-1, 
d = f c0 


F<3 % 

5 ( S 0O “ f C0) + 1 

£ C0 

Under normal conditions this factor, F<j, is very close to unity. 
Consequently, 
f d 

Mp = — — — 

f c0 

and 


GfJp f d 



GW0 f d 

% 

£ c0 

If the detector is immersed with a hemispherical inner a ion lens, 

G H0 f d 

% = 

n f c0 

Gwp £ d 

% - 

n f C 0 

Inspection of Fig B-l shows that 


cos a 

Gw a Gw 0 

cos 0 


(15) 


(16) 

(17) 

(18) 

(19) 

( 20 ) 

( 21 ) 


and 


Gh0 m °Ha 


( 22 ) 
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~. v 

; ‘V 


So, 



% = Gtfa 


Therefore , detector area from Bq 19, 22, and 23 is 


Ad = Gwct °Ha 


( 23 ) 



(24) 


Assarainq a rectangular detector following a field lens whose principle 
plane is in the image plane and whose effective diameter is the diagonal 
of the exit slit aperture, the field lens focal length can be expressed: 


= F/NO V^bfj 2 + S^ 2 


(25) 


When the exit slit width is greater than or equal to the inlet slit width 
image, a slit factor, F s , may be defined 


s wB SwPi Au ^ ^ 

^wod ®wa AvJ o 

(26) 

where 

!da| 

Swa - Ao o !~| f ca 
|du| 

(27) 

'del 

Swp = At 1—1 f c e 
Idol 

(28) 

IdBl 

^wod ~ Av b \~~\ ^cB 
Idol 

(29) 

|da| 

S^Bi = Au !“*' f ca 
Idol 

(30) 

By inspection of Fig 3-1, 


fee 

She “ ®h“ 

fca 

(31) 
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( 32 ) 


The spectral dispersions are 
|da| 1 sin a + sin 0 

l-l - 

l<3u| u cos a 
I d 0| 1 sin a + sin 0 

I— I - - 

Idol o cos 0 

Substituting Eq 31 and 26 into Eq 25 yields 

%=r/»y(— tjj +0WV* 

Writing Eq 29 in terms of S wa (using Eq 27), 

^ cos a f c3 
s wodL = 

cos 0 f ca 


(33) 


(34) 


(35) 


New Eq 34 can be written 


fa = p/nd 



fee 

cos 0 f ca 


F s ^waj 


(36) 


Substituting Eq. 36 into 24 with rearrangement gives 


^d “ tyfa °Ha 


She 2 F/NO 2 


ca 


n 


cos 0 cos a 

cos a cos 


-:(■ 


The area-solid angle product is 
Aga ®ha ®wa 


An 


“ca 


Combining Eq 37 and 38 into /A^/AB, 


® wa 


0 \ ®ha 




fwa%a_ fca f/fO 
Aga Sy^a n 



(37) 


(38) 


(39) 
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Substituting Eq 30 into Eq 26 and rearranging, using Eq 26 ana 32, gives 

feet F s u cos a 

S wa | da| Aq-, sin a + sin 3 
Au |~| 

|du| 


and 


^d. °Ha 008 a 

/cos 3 csos a 


2 F/NO u 

AQ Ag a sin a + sin 3 -\j 

cos a cos 3 ' 

(s h a / 

n Av» 0 


( 40 ) 


(41) 


In terms of true grating dimensions (on the surface of the grating) 
% a = Lg cos a 
Ghci & Hg cos 0 
Ag a = ,hg cos a cos 0 




AQ 


Ag 


sin a + sin 3 



aos 3 cos a/^ a \ 2 p/no 

+ — / Fg • 

cos a cos 0\Sh a / n 


Au- 


(42) 

(43) 

(AA\ 

(45) 


For the second configuration (Fig B-2a) a rectangular detector 
lies on the image plane. The detector width is greater than or equal to 
the image of the inlet slit width. 

The detector area is 


^ ~ Sh3 S„3 

Writing Eq 28 in terms of S^, 

_ 003 a fc3 
Sw3 ®w3i 

aos 3 f Ga 

Substituting Eq 30 into Eq 47, 

cos a |da| 

Sw3 = f C 3 Au l — l 

cos 3 |du| 


(46) 


(47) 


(48) 
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Substituting Eq 31 and 48 into Eq 46, 

f C 0 2 |da| cos a 

Ad = Sha Au I — I 

f ca jdu| cos 0 

The area-solid angle product is 

^got 


An = s^c, 


L ca 


Using Eq 26 


An a 


Sha Sw0i ^ga 


F„ 


L ca 


Using Eq 30, 


da 


Au 


^ = %ia 


| au | Ag a 


F s £ ca 


Using Eq 26 and 27 to write f cot in terms of S wa , 
__F S Swa_ 

I da | 


C ca 


Au 


du 


Substituting Eq 53 into Eq 49 and 52 gives 


®ha 

% * . 

Swa F s I d0 


f c 6 2 0 I da I 2 cos a 
cl 8 ,_ au 2 | — | 

COS 0 


and 


/ 


I da | \ 2 




jppa^>ir w*’ ' x- . ^ ' 

in 


Therefore, /aJ/aq (including the effect of a hemispheric immersion lens) is 


5 

1 

f c0 


/ cos a 

Swa 

AO 

Aga 

n 

1 da | - 

sol 1 ^ 

1 do I 

j 006 0 

Fg 

Sha 

•, using Eq 26 

and 32 

and rearranging, 


/Ad _ 

^C0 

cos a j 

cos a 

Swa 1 v 

AO 

Aga 

sin 

a + sin 0 V 

COS 0 

s ha n Av 0 


(56) 


(57) 


Figure B-2b shews a generalized grating spectrometer that 
refocuses the ray bundle onto a detector plane behind the image plane. For 
this configuration it is assumed that the detector is rectangular and that 
the exit slit width is greater than or equal to the image of the inlet slit 
width. 


By inspection, 
% = 

and 

°W = 


s dd 

Sh3 

s ds 


(58) 


s dd 

Sw0 

s ds 


(59) 


so the detector area is 
/ s dd \ 2 

Ad “ { I Sh# ®W0 
\ s ds / 

Substituting Bq 31 and 4ti, 


(60) 


Ad = 


s dd 

s ds 


^ha " 


C0 


L ca 


I da| cos a 

Au I — I 

|do| cos 0 


(61) 
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The area-solid angle product is 


AO 


®ha ^wa Ag a 


( 62 ) 


“ca 


Using the same development as Bq 50 to 52, 


Aa a Av |da| 

M She — ' ‘ 


L ca 


Fa |d0| 


(63) 


Therefore, /A^/AQ is 


s dd f c3 




AO S^g Ag a 



1 cos a 

Ida) aos 3 


(64) 


Ao 


Idol 


Substituting Eg 53 (and including the effect of a h«iii3phej.i«_-al iuiiur&iun lens) 


*^d s dd f c3 F £ 


cos a s 


wa 


AJ2 s^ Aga |da| 
Av| — | 
Idv| 


F c 


yj cos 3 s^ n 


(65) 


or, using Eg 26 and 32 and rearranging, 


* / Ad s<3d f c3 cos « 


cos a s wa 


AO s ds Aga sin a + si 11 0 yj aos 3 s^ a 


- (66) 


n 


Av- 
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A Dual-Vector Grating Efficiency Model (Ref 3-1) 
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Abstract 

a£ir i : o!a “^^ 

Iron, tte SSa 

tiva grating efficiency is the ratio of the relative intensity in the desired order f-h» 

summation of the relative intensities in all possible orders? 7 Calculated efficiencies trl 
compared with measured efficiencies for Echelle gratings. uaxcuiatea etriclencies are 

Introduction 

th ? t a cl ? 8S of Siting instruments for which there is a through- 

U8in g Echelle gratings in relatively low orders . 1 A scalar model for cal- 
re i a . ti y e g ratin g efficiency has been developed for use in first-order design of 

Ses alixed R^ ESeLfaratT ™?^ 6 ? ou ^er (AMTS)^ P instrument . 1 This instrument design 

uses a fixed R2 Echelle grating at an incident angle of 71° so that the antiblaze facets 

45» and ^““inated by the incident wave. Desired diffraction angles lie between 

45 and 65° in the 3rd through the 13th orders. 

the. R ^ii*?£y e grat Jyg efficiency at a given wavelength can be defined as the ratio between 

in%?? 1 no 1 V ®K? ratin 2 ’ inten ^ ity t n the desired order to the sum of the relative intensities 
in all possible grating orders . 3 An efficiency model, which considers only the direct dif- 
Ech^??f wave from the blaze facet (3 in Figure 1), results in calculated efficiencies for 
9 f S that are significantly higher than measured efficiencies under near- 

ond jy i ° ns r. The £laze fac ®t diffracted field reflected from the antiblaze facet 
the gating equation when 3’ * 3 {refer to Figure 1). A dual-vector 

rela tive intensities are based upon the vector sum of the rela- 
° f th ? dl ff ct ' and reflec ted, 3', amplitudes results in calculated effi- 

resu°ts in h nalcSlafPfl U »F^°" of , botl ? tb ® hlaze and antiblaze grating angles. This model 
cal ° ula te3 efficiencies in the scalar region that are closer tf- measured effi- 
ciencies for plausible values of blaze and antiblaze angles. 



- iso 0 ~p - <p 


Figure 1. Grating angles. 



Figure 2. Typical groove shape 
for a (negative) 
replica of an embossed 
grating with a pitch 
of «32 g/mm. 
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This model Is valid for the condition that a i <90* - ?) ; i.e., when the antiblaze facet 
not directly illuminated by the wave incident upon the grating. 

Considering direct scalar diffraction from the blaze facets 


•$— * sine 2 
A o 


.are 


J ? [ 8in (a o " ♦> + 


sin 


(P 0 - + ) 


J | • sine 2 | —■ £sin B c 


sin (0 Q + AS) 


( 1 ) 


X * intensity of diffracted line function 
I Q * intensity of diffracted line function when {a - $) ■ ~(B - $) 
b * affective illuminated width of blaze facet 
X * wavelength 
a Q “ grating incident angle 

0 O “ grating diffraction angle for maximum I/I Q at wavelength X 
A B * diffraction angle offset with respect to 0 Q 
9 m blaze angle 

L » grating length normal to grating grooves. 


i’he first term of Equation 1 defines the envelope of the maximum intensity of all line 
"unctions. The second term defines the normalized grating line function. 

The relative width of the blaze facet illuminated by the incident wave is 
b 

** cos $ - sin 4> tan (a Q - <j>) (2) 

where 

a «* grating groove spacing. 

Since 


. “ cos o (sin a + sin 0 ) (3) 

A O O 

where 

m Q grating order 
6 = out of plane angle, 

the relative amplitude corresponding to the first term of Equation 1 can be expressed in 
terms of grating orders and angles'* : 

A ( irm Q [cos <j> - sin <J> tan (a - <j>)] j 

A~ 0 = Slnc | cos 0 (sin a Q + sin 6~) * * sin (a o " + sin (e ~ (4) 

The value of irb a /X — the first term within the brackets — is a constant for fixed values of 
0 , o, X, and a for all grating orders. 

Relative grating line width as a function of 0 is related to the line width at Littrow 
by the factor cos a /cos 0. The width of a grating spectrometer entrance slit image as a 
function of 0 is also related to the image width at Littrow by the factor cos a/cos 0. 

When a spatially distributed noncoherent source is imaged onto the entrance slit of the 
instrument, the relative image point density distribution at the exit slit with respect to 
that at the entrance slit is thus cos 0/cos a. Where slit widths are relatively wide with 
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reopect to the yr&tina line width*, tha peak valua* of X/i 0 from Equation 1 ara propor- 
tional to th# norrealizad intagrated intan*ity in each grating order at a given wavelength. 
It follow* that tha relative grating efficiency (neglecting shadowing) is 



(5) 


where tue numerator in Equation 5 is proportional to the normalized integrated intensity 
in the desired grating order, and the denominator is proportional to the sum of the normal- 
ized integrated intensities in all possible grating orders at a given wavelength. In order 
to build an efficiency model for Echelle gratings, both the shadowing effects and the 
reflection affects from the antiblaze facet must be taken into account when evaluating 
I/I 0 terms for use in Equation 5. 

For this modal, an amplitude weighting factor is defined aB 


W 




( 6 ) 


where 


b « width of the blaze facet illuminated by the incident wave 
a * 


h 


“8 


unshadowed portion of b at a given diffraction angle, r. 

r II 


The relative weighted amplitude of the diffracted wave is taken as 



where A/A 0 is the unweighted relative amplitude calculated from Equation 4. 


(7) 


When ( <|> - 90°) < 0 O < a oi the direct diffracted v/ave from the blaze facet is unshadowed, 
bg/a = b a /a and W = 1. A/A Q is calculated from Equation 4 with 0 Q substituted for 0. 

When ot 0 < 0 O < 90°, the direct diffracted wave is shadowed. The relative effective 
unshadowed width of the blaze facet at the diffraction angle is 

k 

- cos 4 - sin 4> tan (0 - >j>) . (8) 

a O 

W is calculated from Equations 2, 6 and 8. A/A 0 is calculated from Equation 4, with 0 O 
substituted for 0. 

The wave reflected from the antiblaze facet leaves the grating at angle 0 O ; the dif- 
fraction angle from the blaze facet, however, is 

0 «* 180° - 2? - 0 Q (9) 


where $ is the antibla angle as defined in Figure 1. The unweighted value of A/A 0 for 
this reflected v/ave is <; llculated from Equation 4 , with 3 substituted for 3 (but not for 

0q) ’ 


The relative intensity of the yrating orders, taking into account the effects of shad- 
owing and of reflection from the antiblaze facet, is 


X / A 1 ^2 


cos AP j 


sin API 


( 10 ) 
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r 


> 111 1 - *0 - 


>1—* 0 : P*t8TW' '****m'~ ■*■$• % '* 


where 


A 1 

^ m relative direct diffraction amplitude ratio 


relative reflected diffraction amplitude ratio 


= weighting factor for direct diffracted wave 
W 2 “ weighting factor for reflected diffracted wave 

AP = relative phase difference between the direct and reflected diffracted waves. 
The relative phase difference (in degrees) is 
Ad a 360° 


AP = 


COS 9 


where 

Ad 


= relative path difference between the direct and reflected diffracted waves. 


UD 


When a 


0 < P < 90°, the corresponding range of p D is (90° - 2$) < p Q < (180° - a - 2<J>) • 


b s" 

-f- = sin 
a 


[tan (p — $) “ tan (a 


( 12 ) 


and W is calculated from Equation 6, with br substituted for b_. The relative path 
difference ^ ° 


Ad 

a 


2 sin $ - sin (180° - $ - $) [cos <{> - sin <j> tan (a Q - <p)] 
2 sin (¥ + P - 90°) 


[1 


cos (3 - P 0 ) ] . 

(13) 


When (ij> + <J> *■ > 90°, p has a range of 90° p < (180^ - <p) , and the corresponding range 
of P 0 is (—<{>) < So i (90° “ 2$) . When ( ■)> + <f> ) < 90°, P has a range of 90° <. p < (90° + 4> ) , 
and the corresponding range of P 0 is (90° - $ - 2J) < P 0 <, (90° - 2?). For both sets of 
ranges, br/a = b /a and W = 1. The relative path difference. Ad/a, is given by Equa- 
tion 13. p 


Finally^ relative grating efficiency is calculated from Equation 5, using appropriate 
value® of I/I Q calculated from Equation 10. 

Calculated vs measured grating performanc e 

This grating relative efficiency model was tested against measured efficiencies of 
embossed R2 Echelle gratings. In all cases, grating performance was measured under near- 
Littrow conditions with 7.5° between incident and diffraction angles. The diffraction 
angle was greater than the incident angle. We do not know the actual blaze and antiblaze 
angles of these gratings. The typical groove shape of a replica of an ei, (bossed grating 
is shown in Figure 2. The rounded bottom of the groove and curvature of the antiblaze sur- 
face is a deviation from the ideal groove shape of Figure 1 for which the model was devel- 
oped, A complete set of data was not available for any single grating. 

Relative groove spacings and relative illuminated blaze facet widths for R2 Echelles 
as a function of grating order are listed in Table 1. Plots of grating order power modes 
for P a id S plane waves, available through the 12th order, show considerable polarization 
sensitivity through the 12th order. We expect that good scaler performance would begin to 
be obtained near the 20th order. 


Calculated relative grating efficiency vs wavelength, for both a single-vector and 
dual-vector efficiency model, is shown in Figure 3 with respect to measured efficiency 
for a 31.6 groove/mm R2 Echelle grating in the 25th order. An actual blaze angle of 62.7° 
was used for calculation. Antiblaze angles of 34° and 38° were used with the dual-vector 
model. The antiblaze facet for an antiblaze angle of 34° is directly illuminated by the 
incident wave for data points corresponding to wavelengths of 2.18 ym or less. The dual- 
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vector model predicts an effective bla?* , n „i 0 » n0 

of 63.3° for an antiblaze angle of 34° Calculat J 3 — i a m *?? U ? ed effective blaze angle 
is shown in Figure 4 at a wavelenath of 2 « e ? ficienc y Y s antiblaze angle 

the grating orders predicted bv both the exara P 1 ® energy distribution among 

is shown iS Table 2 P £r 

difference in l/l 0 values between the two od‘ , n ; Sin T 5? " ost . 

22nd orders. The dual-vector model nredie*-* occurs in tne 20th, 21st, and 

due to reflection from the antiblaze P facet. igher energy in these parasitic orders 

ItlllsIlllBilifc 

order »ithin“he P “.?S“e 9 i°n ha”blS‘^ilab”““” a per£ ™“ e ™ wavelength for an 


Table 1. 


Order 


4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


Relative Grating Groove Spacing and Illuminated Blaze Facet Width 
Near Peak Efficiency for R2 Echelle Gratings 


a 7T 


2.24 

2.80 

3.36 

3.92 

4-48 

5.04 

5.60 

6.16 

6.72 

7.29 

7.85 


“b a A 


1.14 

1.42 

1.70 

1.99 

2.27 

2.55 

2.84 

3.12 

3.41 

3.69 

3.97 


Order 


a/1 


15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


8.41 

8.97 

9.53 

10.09 

10.65 

11.21 

11.77 

12.33 

12.89 

13.45 

14.01 


~b^7>r 


4.26 
4.54 
4.82 
11 
39 
68 
69 
24 


6.53 

6.81 

7.09 


Table 2. 


Example of Calculated Energy Distribution 
for 31.6 g/mm Grating at l = 2.25 


(deg) 

(deg) 


<*o 
8o 
m 0 

e (deg) 
1 (deg) 
<) (deg) 
a/X 
b a /X 


59.210 

66.701 

25 

0 

62.7 
34 

14.07 
7.22 


Among Grating Orders 
pm 


6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


0 


I/Io 


Eff 


m 


-25,62 

-21.18 

-16.87 

- 12.66 

-8.51 

-4.41 

-0.33 

3.74 

7.84 

11.97 

16.18 

20.47 

24.88 

29.46 

34.26 

39.35 

44.84 

50.92 

57.93 

66.70 

81.71 


0.0014 
0.0015 
0.0018 * 
0.0017 
0.0011 
0.0001 
0.0003 
0. 0020 
0.0019 
0.0000 
0.0023 
0.0023 * 
0.0007 
0.0047 
0.0010 
0.0061 
0.0113 
0.0020 
0.0015 
0.5927 
0.0265 


0.0021 
0.0023 
0.0027 
0.0026 
0.0016 
0.0002 
0.0005 
0.0030 
0.0029 
0,0000 
0 . OC 34 
0.0034 
0.0011 
0.0071 
0.0015 
0.0092 
0.0171 
0.0030 
0.0023 
0.8940 
0.0400 
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"Dual-Vector Model. 


5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


I/I c 


-30.23 
-25.62 
-21.18 
-K.87 
-i z . 66 
-8.51 
-4.41 
-0.33 
3.74 
7.84 
11.97 
16.18 
20.47 
24.88 
29.46 
34.26 
39.35 
44.84 
50.92 
57. S3 

66.70 

81.71 


142.23 

137.62 

133.18 

128.87 

124.66 

120.51 

116.41 

112.33 

108.26 

104.16 

100.03 

95.82 

91.53 
87.12 

82.54 
77.74 
72.65 
67.16 
61,08 


0.0018 
0:0060 * 
0.0063 * 
0.0004 
0.0011 
0.0061 * 
0.0018 * 
0.0002 
0.0087 * 
0.0048 * 
0.0004 
0.0029 
0.0016 
0.0106 
0.0084 * 

0 . 0214 * * 
0.0806 * * 
0.0205 ** 
0.0097 ** 
0.0015 
0.5927 
0.0265 


Eff 


0.0022 

0.0074 

0.0077 

0.0004 

0.0013 

0.0075 

0.0022 

0.0003 

0.0106 

0.0059 

0.0005 

0.0036 

0.0020 

0.0130 

0.0104 

0.0262 

0.0990 

0.0252 

0.0119 

0.0019 

0.7281 

0.0326 



Figure 3. Relative efficiency vs wavelength 
vs antiblaze angle for an R2 
Echella grating in the scalar 
region. 



Figure 4. Calculated relative efficiency vs 
antiblaze angle for an R2 Echelle 
grating in the scalar region. 



Figure 5. Relative efficiency and effective blaze 
angle for an R2 Echelle grating. 



Figure 6. Relative efficiency vs 
wavelength for an R2 
Echelle grating. 


Analysis 

The current dual-vector efficiency model assumes that (1) the relative phase shift due 
to reflection of the diffracted wave from the antiblaze facet is not significant, and 
(2) the diffraction pattern depends upon even where shadowing results in bg < b rt . 
Consequently, the phase center for the diffracted wave is taken at the center of b„ 

Table 2 shows that for this particular example the first assumption has some first-order 
validity. For the major parasitic orders— 20, 21, 22— the reflection from the antiblaze 
facet tends to dominate the direct diffracted wave so that the effects of differential 
phase shifts between direct and reflected waves from whatever source tend to be second 
order. The phase shift upon reflection is a function of the complex index of refraction 
and can be different for P and S waves. Estimates of the relative phase shift between the 
P and S reflected waves show them to be approximately in quadrature with each other for 
these major parasitic orders. It appears that this effect alone, if taken into account in 
the model, would increase calculated efficiency in the example by several percentage 
points. We now believe that including the phase shifts due to reflection separately for 
the P and S waves would improve the model. The second assumption grew out of a concern 
that using the unshadowed width of the blaze facet, be, to calculate diffraction patterns 
might result in false wings upon the order power modes for small values of b«. We now 
believe that this assumption has not been adequately tested. 


The dual-vector model is not necessarily valid when the antiblaze facet is directly 
illuminated by the incident wave. The model could be expanded into a four-vector model 
to include the direct wave diffracted from the antiblaze facet and the diffracted wave 
from the antiblaze facet which is reflected from the blaze facet. Conceptually, this 
four-vector scaler model would be valid for all angles of incidence. 






To expand the dual-vector model into a four-vector model and/or to fine tune the 
assumptions included in the model, we would like to have measured relative efficiency vs 
wavelength and measured effective blaze angles for a number of orders in the scaler 
region. Ideally, these data would be for a micromachined grating having flat blaze and 
antiblaze facets of known angles. Conceptually, however, if we had only measured relative 
efficiencies and effective blaze angles for a number of orders, it should be possible 
through iterative calculations to infer the actual blaze and antiblaze grating angles. 

This suggests that the model could be used to extrapolate grating performance' to any set 
of incident and diffracted angles from a standard set of measured data. 

Conclusions 

Tests of a grating dual-vector relative efficiency model against available measured 
data for R2 Echelle gratings have indicated that the model has validity within the scaler 
region. These tests have indicated how the model could possibly be expanded and fine 
tuned. 

We have used the dual-vector model for first-order design of the AMTS instrument for 
the 6th through 13th grating orders. For these low orders, the model yields only rough 
approximations. From the point of view of the instrument designer, there is a need for a 
grating efficiency model which, ideally, would accurately predict relative grating effi- 
ciencies for given blaze and antiblaze angles in both the P and S planes for all grating 
orders as a function of arbitrary incident angles, diffraction angles, and out-of-plane 
angles. Such a mode'’, is beyond the capability of scaler theory. We believe it would 
require a scattering model for the grating groove that exhibited considerable rigor. 
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APPENDIX D 

Equivalent Noise Bandwidth Models 


Equivalent Noise Bandwidth Models 


In this appendix, equations are developed for computer simula- 
tion modeling of the equivalent noise bandwidth for IR radiometers using 
square law detectors. Configurations using sinple integration without 
optical chopping, and chopped configurations with synchronous demodulation, 
for both symmetric and assymmetric chopped waveforms, are considered. The 
effects of l/f noise and low pass filters upon equivalent noise bandwidth 
are included. Numeric examples are presented. It is concluded that in the 
absence of l/f noise, and for integration over a frequency range of zero to 
infinity t , noise bandwidth for simple integration without optical chopping 
is approximately equal to l/4T(j, where T<a is total sample dwell time. For 
a square wave chopper and synchronous denodulator, noise bandwidth is 
approximately equal to l/T d (rather than l/2Tfl, which is often used) . The 
square wave chopper with synchronous demodulator configuration results are 
checked using a Laplace transform model. 

For square law IR detectors, the voltage (or current) output 
fran the detector is proportional to the IR signal power incident upon the 
detector. The responsivity of the detector is defined as: 

V s 

R = (1) 

P S 


where 


P s = IR signal power incident upon the detector 
V s - output voltage from the detector (due to P g ) 

If the signal channel electronics integrates the detector output voltage, 
/v s (t) dt « / P g (t) dt (2) 

Noise equivalent power is 

v Kn) 

NEP = H Aa (3) 

v l(s) 


Where 

H = radiant flux per unit area incident upon the detector 
= detector area 

v I(n) = EMS value of the integrated noise voltage 
Vi (s ) = BMS value of the integrated signal voltage 
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Detectivity is then 


R /Ad AP 

D* = = „ 

NEP V n 

Where the equivalent signal channel electrical noise bandwidth is 


( 4 ) 


-:f 


& J G(F)dP 

G(Fo) 0 


and 


(5) 


G(F) = power gain at frequency F 
G(Fo) » maximum power gain 

Where detector/preamplifier noise power density is constant vs. frequency, 
system noise equivalent radiance 

wcitf 


When noise power density is a function of frequency, however, D* becomes a 
frequency 30(3 ©valuation of system NEN can present a prdblan. 
This difficulty can be overcome by vising a constant value of D* and re- 
defining AF: 


AF'* 


1 

G(Fo) Po 



G(F) P n (F) dF 


(7) 


Where 

p n( p ) = noise power density at frequency F 

Po = noise power density for Which D* is evaluated 

^ , . For the simple gated integrator of Table D-la, in Which only 

the light interval is integrated, the fixed integration interval 


T d = To/2 


(8) 
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Hie integrated value of a sine wave voltage 


v l(sin) “ 



sin (2irFt) dt 


V r 


2nF 


[cos 2ttFT - cos 2 itF(T + To/2)] 


(9) 


where 


Vp = peak sine wa\<e voltage 

As F approaches zero, the maximum value of the integrated sine wave voltage 
approaches VpTo/2. The normalized value of the integrated sine wave voltage 
is then 


2^1 (sin) 
VpTo 


1 


irETo 


[cos 2 ttET - cos 2 ttF(T + To/2)] 


( 10 ) 


and its variance — as a function of the phase of F — is 


1 

a 2 

N(ttFTo ) 2 


N-l 

NF 



[oos 2 itFT - oos 2 itF(T + To/2)] 2 (11) 


TO 


whei * 

T = X/F 

N = number of equal intervals within T 

1 

= ffl? 

NF 


If detector/preamp noise power density consists of a conponent which is 
constant with frequency plus a l/f noise component (Fig D-l) 


Table D-l 


Comparison of noise bandwidth and figures-of-roerit for 
typical chopper/integrator configurations as a function 
of 1/F noise frequency knee 1 " 
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* constant 

F = noise frequency 

b = exponent (typically between 0.8 and 1.5) 
p l/f = l/f spectral noise density 


or 


therefore 


of the total i 


C 1 

p det 

p b 

F k 


“ P det 

p l/f 

= p det 


Ft, 


i\ \ b 


Total noise spectral power density is 
p t = p det + p l/f = p det 


1 + I — 


(13) 


(14) 


(15) 


ln integrated noise voltage is proportional to noise power. 
The total normalized variance in the integrated voltage of a test signal 
consisting of a. component whose power spectral density is constant vs fre- 
quency plus a component which is a function of l/f, from Eq 11 and 15, is 


N(irPTo) 2 


1 + 


F 


N-l 

NF 


Coos 2 ttFT - cos 2ttF(T + To/2)] 2 


(16) 



RELATIVE DETECTOR NOISE POWER 



NOISE FREQUENCY 


Figure D-l Relative detector noise power vs noise frequency 


4 . 

a. 






®" equivalent noise pa** bandwidth, as defined in Eg 7, is then 

AF' « f a t 2 dF 


that the ms of ^ 11 shcws 


V I (si n) Max 

rr~~ 


vAlere v I(sin) Max is evaluated using Eq 9 with 


value for the To/2 d^^t^al 1 ?^^^^^? 316 0-113 ' 1116 i^^ated 
the To/2 light interSl,^eS SUbtracted frora integrated value of 


v l(sin) 


■ / 


T+To/2 


V p sin 27rFt dt 


-L 


T+To 


T+To/2 


Vp sin 2TrFt dt 


ISSSrta “ gUment ° f ^ 9 thrDU9h 


variance for the square wave 


N(ttFTo)2 


1 + /• 


£ Ceos 


2 cos 2irF(T + To/2) + cos 2irF(r + To)]2 


LV 
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For the split square wave integrator of Table D~lc, the in- 
tegrated values of the two To/4 dark intervals are subtracted from the 
integrated value of the To/2 light interval, vtfiere 


T-FTo/4 

_T+3To/4 

v l(sin) “ “ I V p sin 2nFt dt + 

/ V D sin 2ifFt, dt 


* TMTo/4 


T'+TO 


- / V p sin 2nFt dt 

T+3To/4 

(21) 


Following the argument of Eq 9 through 16, the variance for the split 
square wave integrator is 



^ C- cos 2irFT + 2 cos 2irF(T + To/4) 

T=0 

- 2 cos 2 ttF(T + 3To/4) + cos 2irF(T + To)] 2 (22) 


For the square wave chopper of Table D~ld, the integrated 
values of the To/2C dark intervals are subtracted from the To/2C light 


intervals, where C 

is the number of cycles and 


J 

Tf (To/C) (J+l/2) 

T+(To/C) (J+1) 
r 


v l(sin) “ 

/ Vp sin 2trFt dt - 

1 Vp sin 2irFt dt 

(23) 

J=0 

t=*IM-(To/c) ( J) 

T+(To/C) (J+l/2) 



D-9 


. 'Vl! i 


.A- 


ir" : 


Following the arguments of Eq 9 through 16, the variance for the square 
wave chopper is 


N( *FTo) 2 


1 + 


e-r 


N-l 

NF 


E J 


TO 


^ [ooe 2 ttF(T + (To/C) ( J) ) - 2 oos 2 ttF(T + (To/c)(j + l/2)) 


jo 


+ ooe 2 tiF(T + (To/c) (J + 1))] 


(24) 


For the split square wave chopper of Table D-le, the integrated 
values of the two Cl/3 dark intervals on either side of the 2C1/3 light 
interval are subtracted from the light interval, where Cl * 3To/(3C + 1) 
and 


C-l 


mini f txi \ 


v l(sin) 


E - 


mi-r«T / Qi. ( .t .I* 1 *! \ 

x * ux/ w » \ U - v->ju / 

J Vp sin (2uFt) &t + J Vp sin (2uFt) dt 


JO 


TKJl(J) 


T+Cl/3+(J*Cl) 


TMCl/3+(J‘Cl) 

J Vp sin (2irFt) dt 

T+C1(J+1) 


(25) 


Following the arguments of Eq 9 through 16, the variance for the split 
square wave chopper is 


N-l 


2 _ 


N( rrFTo ) 2 


1 + 


NF 


TO 


C-l 


y ooe (2?rF(T + 4C1/3 + (J • Cl))) 


JO 


+ 2 [cos (2irF(T + Cl/3 + (J • Cl))) - cos (2 hF(T + C1(J + 1)))] 

12 


- oos (2irF(T + C1(J))) 


(26) 
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The results of numerically integrating Eq 17 for the various 
configurations; are shown in Table D-l. A discussion of these results can 
be found in Para 3. 1.1. 3 of the main text. 

Another way to calculate the electrical noise bandwidth, ex- 
cluding 1/f noise effects, is to use a Laplace transform to approximate the 
anplitude function or the integrated value of the sine wave voltage. A 
square wave chopped waveform consisting of n half cycles is shown in Fig 
D-2. The Laplace transform (or anplitude function) of this function is 


1 (1 - e~sT) (1 - e-raT) 

v l(sin) " H(s) = (27) 

st (1 + e“ aT ) 

where 


H(s) = amplitude function 
t = gated integrator time constant 
n = number of half cycles 


T = dtfell time divided by number of half cycles = T<j/n 
s = Laplace, frequency domain variable 


The mean sum of the anplitudes is found by substituting ito for s in Eq 27 
and taking the complex conjugate 


a 2 „ h2(qi) 


n 2r2 

t 2 


sin 2 (m/T/2) 

(nufT/2) 2 



(28) 


where 


a) = 2irf 


Figure D-3 shows plots of this function. The equivalent noise bandwidth is 
obtained by integrating this function (Eq 28) over all frequencies and 
dividing by the maximum value of the function 


CF * 


J H 2 (o)) do) 
0 


H 2 Max 


(29) 
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Figure D-Z 


Square wave chopped waveform consisting of n = 96 half cycles 
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EXPANDED SCALE AROUND MAIN PEAK 
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SEMI-LOGARITHMIC PLOT SHOWING NUMEROUS SIDEBANDS 


Figure D-3 


Mean sum variance for the square wave choppy 
F c * 400 Hz, T * 0.125 msec, n * 96 
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The maximum of Eq 28 (H 2 Max) occurs when f equals the chopping frequency 
(400 Hz in Figure D-3). At this point the sine term is zero and the tangent 
term is undefined. Approaching the limit from either side of 400 Hz yields 


lim sin 2 (nsft) 

f*400 tan 2 (wft) - 0.405 

(niTft) 2 

Where 

n - 96 
t = 1.25 msec 

The integral part of Eq 29 was calculated fcy numerical means from 0 to 
1000 Hi. and found to be about 3.381, so the equivalent noise bandwidth is 

3.381 

/SF m = 8.35 Hz 

0.405 

For no l/ f noise and for integration over a frequency range of 
0 to the straight integrator configuration of Table D-la (without optical 
chopper) would result in a noise bandwidth of 

1 

IF « 

4T d 

Numeric values listed in the table for this configuration ware obtained 
try integrating over a frequency range of 0.02 to 200 Hz. The square wave 
synchronous demodulator configurations of Table D-lb and D-ld would result 
in a noise bandwidth of 

1 

IF 

Td 

Numeric values listed in the table for configuration (b) were obtained by 
integrating over a frequency range of 0.05 to 200 Hz. For configuration 
(d) integration was from 0.5 Hz to 400 Hz for 6, 12, and 24 cycles per dwell 
interval, and frcm 0.5 Hz to 600 Hz for 48 cycles. The reduced noise band- 
width for these configurations is believed primarily due to the effective 
low pass filter used for these numeric examples. It is believed that the 
computer simulation models provide the more accurate results. They also 
allow l/f noise effects to be accurately modeled. 
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APPENDIX E 

Sun Angles Incident Upon the AMTS Baseline V Instrument 
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Sun Angles Incident Upon the AMTS Baseline V Instrument 


^ The TIROS orbit is assumed for the Baseline V instrument. 

e TIROS -N orbit is at an altitude of 833 km. It is reported to be an 
S:30 a.m. or 3:30 p.m. orbit, corresponding to a £T 0 of 3.5 hours. Sun 
angles for this orbit are listed in Table E-l. The following interrelated 
parameters are presented in this table: 


AT 0 


AT 


SUN ELE 


SAT LAT 
0 
♦ 


The longitude difference, in hours, between the orbit 
equatorial longitude and the longitude of the sun. A 
positive value represents a satellite ascending orbit 
equatorial crossing west of the sun; i.e., a morning 
orbit. 

The longitude difference, in hours, between the local 
satellite longitude and the longitude of the sun. A 
positive value represents a satellite position west of 
the sun. 

Sun elevation with respect to the equatorial plane. A 
posxtxve value represents a sun positron north of the 
equator. 

Satellite latitude. A positive value represents a 
local satellite position north of the equator. 

Sun azimuth, measured cw from the satellite velocity 
vector. 


Incident angle of sunlight with respect to the satellite 
zenith. 


The coordinate system used is shown in Fig E-l. In Fig E-la, 

V represents the spacecraft velocity vector. 

Z represents the spacecraft zenith; Z is normal to V. 

X is an axis normal to the VZ plane. 

S is a line frcm the upper limb of the sun to the spacecraft. 

^ is the incident angle of the sun line with respect to 

Z, measured in the SZ plane. 

0 is the azimuth of the sun with respect to V, measured in 
the XV plane. 

R is the distance from the origin to an arbitrary point, P, 
in the XV plane; R lies in both the XV and the ZS planes. 

H is the height of the sun line above point P; H lies in 
the ZS plane and is parallel to Z. 
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In Fig E-lb, a plane X'V, inclined to the plane XV, has been added. In 
this figure, 

X' lies in the XZ plane; it is normal to V, but not to X 

or to Z. 

0 is the angle between the XV and X'V planes, measured 

between normals to the V axis. 

h is the height above point P at which the X'V plane cuts H. 


The following relationships exist: 
R 

H 

tan 

h = R tan 0 sin 0 


H - h = R 


\ tan \|> 


tan 0 sin 


If h = H, then: 


0 = tan -1 


1 


tan ij; sin 0 


(1) 

( 2 ) 

(3) 


(4) 


By choosing the origin at appropriate points in the XV or X'V planes, the 
intersection of the sun lines with the XV or X'V planes can be determined 
for shield positions defined by R, 0, and H. Conversely, required shield 
positions can be calculated. 

Table E-l is for an ascending morning orbit. Parameter values 
for an ascending afternoon orbit can be obtained from the table as follows: 

• For positive satellite latitudes, use negative latitude 
values from the table. 

• For positive sun elevations, use negative elevation values 
from the table. 


• For sun azimuth, use 180 — 0, measured ccw with respect to 
the satellite velocity vector. 

• Let positive values of tfT represent positions east of the sun. 

The table only lists values for half orbits, between maximum 
north and south satellite latitudes. When necessary, sun azimuth 
and sun incident angles can be obtained for the extended orbit by noting 
that the magnitude of these parameter deltas are symmetric about the minimum 
values of and about 90° for 0. 



-The angle of incidence of rays from the ldato of the earth with 
respect to the satellite zenith for a 900 km satellite altitude is 118.81 . 
If the linto of the earth is defined to be 100 km above the surface, the 
angle is 117.13°. The offset from the linto of the sun to the center of the 
is 0.27°. The offset of the angle of incidence of the sun from the 
satellite altitude to the surface of the earth is 0.003 . Consequently, 
the angle of incidence of the sun at the subsatellite ^int c^be^taten 
frcm the values of in the table for determining earth lighting corr 
^£2 £ Sch orbit. (This argument will hold for the 833 km Baseline V 

orbit. ) 

All sun synchronous orbits must have inclinations greater than 
90°. The appropriate inclination, f L , for such an orbit depends on A, 
the average of the altitudes at perigee and at apogee. If the eccentricity 
of the orbit is e, and the radius of the earth is R e then 


0 . " cos 


- 1 [-0.098951(1 + A/R e ) 3 * 5 (l - e 2 ) 2 ] 


(5) 




APPENDIX P 

AMTS Baseline V Detector D* Performance Models 
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AMTS Baseline V Detector D* Performance Models 


Three types of detectors, PC HgCdTe, PV HgCdTe, and PV inSb are 
used to cover the AMTS baseline V spectral range. The first part of this 
appendix gives a brief description of each of these detector materials and 
their associated noise sources. The preamplifier configuration and preamp 
noise is also discussed. Next, there is a short summary of how the back- 
ground flux densities were calculated for the Baseline V instrument. 
Finally, the actual models are presented along with seme demonstration com- 
puter runs. The math models are presented without complete development, 
but most of the equations used are found in the literature. 


PC HgCdTe DETECTORS 

HgCdTe Material Considerations 

Baseline V channels 1 through 11 use photoconductive HgCdTe. 
This material has the property of having a bandgap that is controlled bv 
the mole ratio of CdTe to HqTe and detector temperature* TVo al leys of 
varying CdTe:HgTe mole ratios are used to cover the broad spectral band of 
these channels. The mole ratios or male fractions where chosen so that at 
the dewar temperature the detector cut-off wavelength would be just beyond 
the channel with the longest wavelength in that particular band. The peak 
response of the detector always falls at a shorter wavelength. The exact 
p23K location is a function of the detector quantum efficiency which, in 
18 a ^ unc ^i° n of the material index of refraction, the reflectivity 
of the passivation layer, the antireflective coatings (if any), and other 
second-order physical characteristics. Improving the quantum efficiency, 
oy whatever means , moves the peak closer to the cut— off wavelength* For 
purposes of simplification, the AMTS Baseline V detectors were peaked at 
wavelengths that are shorter than cut-off by -10 percent and a quantum 
efficiency of 0.70 was chosen for the data sets. This efficiency is pro- 
bably a realistic value. Table F-l gives the mole fraction, calculated 
bandgap energy, cut-off wavenumber, and estimated peak wavenumber for 
some HgCdTe detector alloys at 75 K. 

_ Detector dark resistance is a function of the distance between 
the electrical contacts of the detector, its cross-sectional area, and 
resistivity. Resistivity, in turn, is controlled by the minority carrier 
concentration? fewer numbers of minority carriers mean a higher conductivity 
and less resistivity. The intrinsic carrier concentration, the initial 
concentrations of electrons and holes in undoped HgCdTe, is calculated 
directly from the bandgap energy and detector temperature. 

In pure HgCdTe, the mole ratios used by the two AMTS detector 
materials are p-type. Electron mobilities are several orders of magnitude 
higher than hole mobilities. It is, therefore, advantageous to make use of 
the higher electron mobility and fabricate the dete<±or as an n-type device. 
This can be done through deping either a bulk boule of material or by form- 
lng a thick epitaxial layer on a substrate. As a general rule, it is more 
difficult to control the minority carrier concentrations in the long wave- 
length 16 jjm material than it is in the shorter wavelength materials. 


Table F-l Baseline V HgCdTe detector material characteristics 


CH 

Mole fraction 
CdTesH^Te 

Bandgap energy 
(eV) 

Cut-off wave- 
nuirber (cm - l) 

Peak wave- 
number (cm' 

1-10 

0.1838 

0.06847 

551.52 

606.80 

11 

0.2035 

0.0988 

787.45 

874.5 

12-13 

0.2143 

0.1156 

932.66 

1036.27 

14-15 

0,2573 

0.1829 

1475.36 

1639.34 

16-17 

0.2707 

0.2040 

1645.28 

1828.15 


Table F-2 Baseline V PC HgCdTe detector parameters 


Minority carrier 

Carrier 

electron mobility 

Hole mobility 

CH cone, (on -3 ) 

Uptime (s) 

(cmVv/s) 

(cnvfyv/s) 

1-10 1x10 14 

IxlO -6 

2.06X10 4 

295.00 

11 2xl0l 2 

lxlO -6 

2.01xl0 4 

292.00 


Table F-3 Baseline V PV HgCdTe detector parameters 


Acceptor Cone. Donor cone. Carrier Electron mobility Hole mobility 
CH (cm -3 ) (cm -3 ) lifetime (s) (cnP/v/s) (cm^/v/s) 


12-13 

2x10 I 4 

1x1015 

5x10 - 7 ' 

1.98xl0 4 

289.00 

14-15 

7x10-14 

lxlO 16 

5xl0 - 7 

1.87xl0 4 

277.00 

16-17 

2xl0 1J 

5x1016 

5xl0 - 7 

1.84xl0 4 

273.00 
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° f the J mi V°f it y carrier concentrations were chosen 

so that the resulting dark resistivities were consistent with detector manu- 

*"«*** Valu ^' W *3 idh often <J uot « dark resistiviti.es in the range 
of 4° to ^ ohm/sq at 77 K for long wavelength Harare material, Table F-2 
lists the minority carrier concentrations used in the Baseline V data sets 
Ge^ration-recorrbination <G-R) noise is the dominate sSrce^ Li^in 
the long wavelength alloys and is directly related to toe concentration of 
minority carriers (holes) . _ On the other hand, the detector reaponsivity 
in Y e "f el y re * ated to this concentration through the dark resistivity. 

tha1 f t1iere is a trade-off between detector G-R noise and 
detector response in terms of total detector performance. 


r s ip tivii r y also controlled toy carrier mobilities and 
carrier lifetimes. The majority carrier, or electron, is the predominate 
carrier here, ^either parameter is very sensitive to tenperature, but both 
ar ® 0 I ery ^f ep ? nde "L° n , the make " u P of the material. Mobilities must be mea- 
‘ ^ calculated for various trapping mecha- 

nisms, but they must ultimately be derived from measurements. Table P-2 
also lists these parameters. 

PC HgCdTe Detector Biasing 

Th l, Ba ® Gline v Photoconductive HgCdTe detectors must, be biased 

on a gain ° f detector is directly dependent 

on a constant bias field. This necessitates the use of a load resistor. 

VOI <- tv • ^ onf J gu ^ iitio ^ use d in the modelling uses the load resistor as a 

drop su PP 1 Y voltage to a controlled voltage level, and 
+5? caet f cA 18 f ead frcrn it. As such, it is desirable to make 

tor 1 for ieast ten times the dark resistance of the detec- 

f aas ° n f of detector Joule heat loading and responsivity. (This is 
shown in the data set of Table F-5.) Ihis bias level seems to give the best 
heat load vs detector response for these detector materials and parameters. 

PC HgCdTe Detector and Preamplifier Noises 


J.VU4UUXVIU 


no^se: 


The PC HgCdTe detectors were modelled with three sources of 


• Johnson or thermal noise 

• Background or photoinduced carrier noise 

• Generation-recombination (G-R) noise 


^ ^ 33:6 aources of Pteamp noise; Johnson noise from the 
JJ * 1 Preamplifier noise. With the exception of preamplifier 
noise, all of the noises are calculated from their basic sources: temper- 

mino ^y carrier concentrations, and total background photonfl^x 
Jdhnaon noise calculations are based upon both detector and load 
resistor temperatures. As earlier stated, G-R noise is related to the 

™eitoatS ier COnCentration ' specifically, to the square root of the 


Since a photocorvductor ' a gain is dependent on the dimensions of 
the detector, i.e. the distance between electrical contacts and cross - 
sectional area? the background noise is area dependent. The electrical 
contacts of the Baseline V detectors are at the opposite sides of the 
channel's width dimension. A short description of the sources and quanti- 
ties of background photon flux follows the PV HgCdTe detector section. 

A differential transimpedance anplifier (TIA) is used as the 
preamplifier for the PC HgCdTe detectors (Fig F-l), The differential TIA 
amplifies the difference between the measured signal and a reference signal. 
The noise of a differential TIA is assumed to be /2 ( 2X10~9 ) nV//Hz. Trans- 
impedance ia a function of open loop gain, detector and feedback resistor 
impedances, and associated stray capacitances. Each detector noise current 
is multiplied by the transimpe ,tnce to arrive at the individual equivalent 
detector noise voltages at the output of the preamp. The total noise 
voltage is then the ESS of the individual detector noises and the preairp 
output noise. 


PV InSb DETECTORS 

Detector Diode Characteristics 


Channels 18 thorough 28 of the AMTS Baseline V instrument utilize 
a single detector material, PV InSb, to cover the short wavelength band 
from 5.18 to 3.72 ym. The InSb detector is a diode structure with a 
bandgap and cutoff wavelength that is totallv temperature dependent. At an 
operating testiperature of 75 K, the cut-off wavelength is 5.45 pm. Again, 
the peak wavenumber was very conservatively put at a wavelength that is 10% 
shorter than the cut-off wavelength. With a quantum efficiency of 0.80, 
the peak should lie much closer to cutoff. Cincinnati Electronics has 
quoted quantum efficiencies of 0.80 and greater. 

Typically a high impedance device, the InSb detector's so- 
called dark resistance at zero bias, Rq, can be altered by a suitable 
dopant. The Baseline V detectors were modelled as p-type semicorrluctors 
with p-type acceptor and n-type donor dopants added in concentrations of 
1 x 10 17 and 5 x 10 14 cm" 3 , respectively. These values are probably readily 
available using present liquid phase epitaxy (LPE) or molecular beam epitaxy 
(MBE) techniques. Good nunfoers for the carrier mobilities and lifetimes 
are difficult to obtain. Carrier mobilities of 80000 and 5000 cm^/v/s for 
electrons and holes, respectively, and lifetimes of 5 x 10" 7 s were used in 
the modelling. The dark resistance is calculated from these parameters, 
but the calculated values are much too high to represent the true dark 
resistance at zero bias of a real-world diode- Most typically quoted 
resistance values, in terms of the product of the dark resistance at zero 
bias and detector area (R 0 »A), are in the range of 1 to 2 x 10° ohm-au at 
77 K. This indicates that there is a form of parallel leakage resistance 
that has to be accounted for in the model. Actual dark resistance must be 
inferred from the measurement of the current-voltage diode characteristics 
at operating temperatures . However, diode leakage current measurements 
made on Cincinnati Electronics InSb diodes imply that dark, zero-biased 
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resis tivitie s can "be one to two magnitudes higher. Since the methodology 
of these measurexients was not established, the lower values of fu«a were^ 

“?!?: T ° a ahunt Rq . A fictor l y ^ ^ Si- 

cially added in parallel to the calculated Rq*A product values in the model. 

_ . , , . mo< ^ el calculates the impedances and relative chase anales 

?^^ de V^° r ^ ^ eedback lo °P* Measurements taken on the NIMS InSb de~ 
tecix>rs, indicated the presence of a shunt capacitance of a few picofarads 
.bal] park value of 6.0 pF was added to the calculated AMTS detector capac- 

capacltance es ti®>te 3 are well within the ranges roted tor the 


PV InSb Detector and Preamplifier Noises 


These includ^ iatOV ° ltaiG detectors exhibit three principle types of noise. 

• Thermally-generated noise (Johnson noise) 

• Current-generated noise (G-R noise) 

• Fnotoinduced carrier noise (Background noise) 

When op ated under a zero-biased condition, as is the case in the Baseline 
V design, the first two forms of noise are identical, so that the sum of the 

familiar Johnson noise equation used in the photo- 
conductors. Photoinduced noise is the same as the background noise found 

is CTCeption8! **» *** is ^ the noise 

duan tlVe 153011 of the detector/ preamp noise corponents is indivi- 

dually passed te,-ough the TIA and expressed as TIA-modified equivalent 
J* 1 * transrmpedance equation used to modify the noises is a 
function of the defector and feedback resistor impedances and the RC time 
constants associated with stray circuit capacitances. Stray capacitance 

2? raslstor 1 1 * S« or 


PV HgCdTe DETECTORS 


/ q f- . „ - . W N KgGd Tf detectors cover the middle range of AMTS wavelengths 
. . * ' blke the ^ HgCdTe detectors , bandgap energy and cut-off 

thS T 1 * fraction and the tenperature of the material. 
FV HgCdTe detector material parameter's are given in Table F-l. Quantum 
efficiency for these detectors was set at 0.75. 

Baseline V PV HgCdTe detectors are n-type, with p-tvoe accentor 

dark n reStlnS r is°S! t l COncentrat i™s . listed “ Table F-3. ^ralcullted 
t tG ? la T ge so ' - lke in the InSb rtodel, a shunt R 0 -A 
factor of «10 dhm»on and a shunt capacitance of 6 pF are added. 
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PV HgCdTe Detector and Preamplific Noises 

These photovoltaic detectors exhibit the same noises aa JnSb detectors: 

• Thermally-generated noise 
% Current-generated noise 

• Photoinduced carrier noise 

The PV HgCdTe model treats these noises in exactly the same manner as the 
InSb model. The preamp is once again a differential transimpedance ampli- 
fier. 


BACKGROUND PHOTON FLUX DENSITIES 

Background scene and instrument photon fluxes dramatically 
affect the performance of the PV InSb and PV HgCdTe detectors and, to a 
very limited extent, the PC HgCdTe detectors. Including the scene, each 
and every optical or structural surface that lies within the optical path or 
that can be "seen" by the detector is a source of background photon-induced 
noise. Photon flux density is defined as the quantity of photon flux: 

• Emitted by a surface at some given tenperature. 

• Having a given emissivity. 

• Within a given optical bandwidth. 

• Contained within a given An. 

• Reduced by the optical transmission losses of the inter- 
vening optical surfaces. 

<* Falling upon a given detector area. 

The background photon fluxes reaching the detector can be divided into 
three optical bands. These bands and their associated groups of surfaces 
are: 

• Channel half-power bandwidth: scene and all optical surfaces 

up to the inlet slit. 

• Order filter half-power bandwidth: all optical surfaces frcm 

the inlet slit to the order filters. 

• Detector band of photosensitivity (from 1 p to cutoff): the 
"dewar surround" which includes each channel order filter, 
field lens, and dewar. 

Starting from the scene, the irradiance produced by each surface is found 
from the Planck equations at the surface temperature. The following 
points should be noted: 
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• It is assumed that each surface, including the scene, is a 
Lambertian radiator. 

• The scene tenperatures are T^, T stc j, and T,^. 

• The scan mirror, telescope, and spectrometer optics are at 
the case temperature. 

• The total irradiance within an optical band is constant over 
that band, except for t v ? irradiance within the detector dewar 
which is integrated ove*. die portion of the Planck curve from 
the detector cutoff wavelength to 1 ym. 

• It is assumed that the chopper is fully open; therefore, no 
chopper factor is included. 

• For the scene and for all surfaces ahead of the inlet slit, 
photon flux is calculated within the signal area-solid angle 
product of the instrument, Afi a . 

• For surfaces interim to the inlet slit and ahead of the exit 
slit, photon flux is calculated within an area-solid angle 
product AOg = AJ2 a F s , where F g is the ratio of the exit 
slit width to the inlet slit image width. 

• For unfocused flux within the dewar, photon flux is consid- 
ered to be the unimmersed detector area time Pi. 


PC. HgCdTe DETECTOR PERFORMANCE MODEL 


The bandgap energy of a PC HgCdTe detector depends on the rel- 
ative proportions of HgTe and CdTe in the detector alloy. Photons with 
energies greater than or equal to the bandgap energy will allow an electron 
or hole to leave the valence band and enter the conduction band (i.e,, 
ionize) . The minimum photon energy required to photoionize the material is 
described by the cutoff wavelength. 


10^ ho q Eq 

\= = Uc = . u) 

q Eg he 

where . 

o = speed of light (cm/s) 

Eg = bandgap energy (eV) 
h = Planck's constant (J*s) 
q = electron charge (A*s) 


F-9 


A c = cutoff wavelength ( ym) 
u c = cutoff wavenumber (arT^) 


The bandgap energy for HgCdTe has been enpirically determined to be 

Eg = 0.327x3 + 1.59x - 0.00109xT + 0.000523T - 0.25 (2) 


where 


x = mole fraction (CdTe: (CdTe + HgTe)) 

T -■ temperature of detector (K) 

In the absence of light, the number of electrons and holes available in the 
valence and conduction bands (the intrinsic carrier concentration) is em- 
pirically determined by 

-Eg/2K T 

n i = (8.46 - 2.29x + 0.00342T)10 14 Eg 3 / 4 T 3 / 2 e b (3) 


where 


= Boltzmann's constant (eV/K) 

nj, = intrinsic carrier concentration (an -3 ) 

In its nan—al intrinsic state, HgCdTe is a p-type material whereby holes 
are the majority carrier. Elections have a much greater mobility than 
holes, so HgCdTe is usually doped to a n-type material (electron majority 
carrier) to lower the overall resistivity of the material. The concen- 
tration of donor (electron) carriers is then 


N D = 



where 


Nq = concentration of donors (cm -3 ) 
P Q = hole concentration (cm -3 ) 


(4) 


Responsivity Development 


Naturally occuring p-type impurities place a lower limit on the 
number of hole (minority carriers) found in n-type doped material. This 
lower limit is usually within two orders of magnitude of the hole concen- 
tration found in undoped intrinsic material. The detector dark coiiductivity 
is 


a = q (N D y + P D yh) 


(5) 
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Where 


a = detector dark conductivity ( (ft»cm) -1 ) 
u = electron mobility (cm 2 /v/s) 

Ph = bole mobility (cm 2 /v/s) 

The detector dark resistance is 

Rd = W/(crHt) (6) 

Where 

Rd = detector dark resistance (ft) 

H = detector height (cm) 
t = detector thickness (cm) 

W = detector width between terminals (cm) 

The load or feedback resistor is set at a value 10 times the dark resistor, 
R F = 10 Rd (7) 

where 

Rp = feedback resistance (ft) 

A trans impedance amplifier is used as the preanp in the AMTS baseline V 
configuration. The trans impedance is 


Az 


Rp 


Rp 

(1 + F 0 Rp Cp) (1 + F 0 Rd C d ) 

^o **d 


( 8 ) 


F 0 = 2itF c = 2 it • chopping frequency (Hz) 
A z = trans impedance (ft) 

Cp = capacitance of feedback resistor (F) 
Aq = open loop gain of preamplifier 
Cd - capacitance of detector (F) 


Where 




The supply voltage to the feedback resistor and detector is 


Rd + Rf 

V s = V b 

Rd 


where 

V g - supply voltage (V) 

V b = bias voltage across detector (V) 


( 9 ) 


The responsivity of the detector/preamp at the output of the preamp can be 
calculated from 


V g Rp Rd Az q ) J T n F k 
(Rp + R^) 2 W 3 h c Up 


( 10 ) 


where 

R = responsivity at the output of the preamp (V/W) 
• t = carrier lifetime (s) 
n = quantum efficiency 

F k = Cl + (P Q y) 2 ! 1 ^ 2 

= peak wavenumber (cm -1 ) 


The responsivity at the output of the detector is 
R R d 

RE = 


( 11 ) 


Detector Noise Development 

There are four types of detector noise in PC HgCdTe detectors . 
These noise components are calculated as currents in units of A//Hz: 

Background noise 

IgG = C4(q G) 2 ti Qqg H W] 1 / 2 (12) 

Jcihnson noise 

IjX = (^/Rd) 1 / 2 (13) 


Generation-recarribination noise 

Iqr = W(q G) 2 P D t H w/t] 1 / 2 (14) 

Feedback resistor Johnson noise 

x JNfb - < 4K Trf/%) 1 / 2 (15) 

Where 

G = (y + y^) t/W 2 = pfaotoconductive gain 

K = Boltzmann's constant (J/K) 

Tpp = feedback resistor temperature (K) 

Qgg = total background photon flux density 
(photons/cn^/s) 

Each noise current is then multiplied by the transimpedance to get the 
noise voltage in V/ /Hz at the output of the preanp or 


V BG = %3 &z (16) 

V JN = IJN (17) 

V GR = I GR (18) 

v JNfb = T JNfi) Az (19) 


Preanplifier Noise Development 

Modeling the detector as a parallel resistor and capacitor, the 
detector impedance magnitude, phase angle, and real impedance component are 

Rd 

Izl (20) 

(1 + F 0 R d C d ) 

Where 

1 Z I = impedance magnitude ( ft) 

Ca = detector capacitance (F) 


The detector phase angle (in radians) is 
0 = tan" 4 


r o '-a 


R d 


(21) 
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Tne real component of Z (in ohms) is 

Re (Z) » |Z| cos 0 (22) 

Similarly, the feedback resistor impedance magnitude, phase angle, and 
real impedance component can be calculated )y/ substituting R™ anti Cp into 
Eq 20, 21 and 22. 

The preamp output noise voltage is 


Z F Aq z 

Vp A = Vp (23) 


Z 55 (1 + Aq) + Zp 

where 

V PA = output, preamp noise voltage (v//Hz) 

Vp = preamp noise voltage (v//Hz 
Z = real detector impedance component (n) 

Zp = real feedback resistor impedance component (Q) 

D* Development 

The total noise voltage (V//Hz) at the output of the preanp is 
the RSS value of the individual noise conponents. 

V T = (vbs 2 + Vjj, 2 + Vgr 2 + V mfb 2 + VpA 2 ) l/ 2 (24) 

The noise equivalent power is then 

NEP = V T /R (25) 

and D* peak in units of cm v / Hz/W is 

D* = /WH/^IEP (26) 

Signal output voltage is 

V Q = R Q s H W h c G Vp (27) 

where 

V 0 = signal photovoltage (V/ /Hz ) 

Q g = signal photon flux density (photons/cm^/s) 


Signal-to-noise ratio is 


v/here 


Af * noise power (electrical) bandwidth (Hz) 
Detector Joule heat in watts is 

p w - v b 2 /% 

Load resistor Joule heat in (w) is 

P RP = «V S “ v b' 2 / R P 


(29) 

(30) 


PV HgCdTe AND PV InSb DETECTOR PERFORMANCE MODELS 

The PV HgCdTe and PV InSb detector models are very similar. 
The bandgap energy in both models is calculated from Sj 1. X c for HgCdTe 
is calculated using Eq 1 and 2. The intrinsic carrier concentration for 
the PV HgCdTe model is calculated from Eq 2 and 3 while the intrinsic 
carrier concentration for PV InSb is 


where 


n.; 


/ 2tt W' \ 3 



( m e %) 3/2 


-Eg/KvjT 

e 


i /o 
— / — 


m e = 1.366 x 10" 32 (kg) 
m^ = 3.5516 x 1CT 31 (kg) 


= reduced electron mass 
= reduced hole mass 


(31) 


In form, the two models now proceed identically. Ehotovoltaic detectors 
are photodiodes. A diode junction is created in the material by doping one 
side of the material with a p-type dopant and the other side with a n--type 
dopant. The concentration of electrons on the p-type side of the diode, 
given a doping of acceptors, is 


°P 



(32) 


where 


rip = concentration of electrons on the p-type side (cm -3 ) 

N^ = concentration of acceptors (holes) (cm“ 3 ) 

Likewise, the concentration of holes on the n-type side of the 
diode, given a doping of Np donors, is 


Pn = 



N D 


(33) 
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where 


P n - concentration of holes on the n-type side (cnT 3 ) 

% » concentration of donors (cm“ 3 ) 

deSCribe 0,8 b0tevi ° c ot holes within the 


KT |i 

q 

(34) 

L e * (Dex )- 1 -/ 2 

(35) 

KT yu 

°h “ 

q 

(36) 

^h “ (Dh T ) 1/ ^ 2 

(37) 


Where 


D e = electron diffusion constant (cm 2 /s) 
= hole diffusion constant (ar^/s) 
he = electron diffusion length (an) 

“ hole diffusion length (cm) 
Responslvlty Development 




_, The darlc resistance times the area of the diode 
xs often used to compare the performance of different 


junction, 
detectors . 


and 





Pn °h L e + np D ,„ ^ 


(38) 


Ro'A = RA RS/(RA + RS) 

Where 


(39) 


RA - resistance area product excluding the effects of 
shunt resistance (ft cm 2 ) 


RS = shunt resistance (a) 







S/T * ■■ 


The junction capacitance can be derived from the following development; 


Contact potential 


KT % N a 



Junction barrier potential 


V j - V c - V b 
Space charge layer width 

w . . 1/2 

\ q % / 

Junction capacitance 

K ^ M 



(40) 


(41) 


(42) 


(43) 


where 

A^j - detector area (an 2 ) 

e Q = 8.85 x 10" 14 (F/cm) = permittivity of free space 
k = dielectric constant (HgCdTe or InSb) 

V c = contact potential (V) 

Vj = junction barrier potential (V) 

Wj = space charge layer width (an) 

Cj = junction capacitance (F) 

This model assumes the use of trarisimpedance anplifiers as the preamplifiers 
for the system. The transimpedance of these amplifiers is 


A* = 


Rp 

% 

(1 + F 0 Rp Cp) - — — — (1 + Fq C q ) 


(44) 





I 

•I 

f 


Aq 


r ' 




where 

Rq * Fo'A/A^ * detector dark resistance (n) 

C 0 * Cj + G s » detector capacitance (P) 

C g * stray capacitance (F) 

The responsivity at the output of the TIA 

qn A z (4E) 

R 

he Vp 


where 

r « responsivity (V/w) 

Detector Noise Development 

The PV detector noise components are presented as noise currents 
in units of ( A/ /Hz ) : 


JcSrmson noise 


/ 2KT X 1 / 2 

I JN = ( 

\Ro 


(46) 


Generation- recombinat ion noise 

2KT c^/KT^ 1 / 2 


X GR “ 


(47) 


Ro 


PV detectors are often operated at zero bias, = 0. It is common prac- 
tice to sum I, to and I G r and label the sum as Johnson noise. 


Background noise 

I BG =( 2 q 2 A Qb Q Ad) 1/2 
Feedback resistor Johnson noise 


/4KT0P 

ijNfb " ( 

\ r F 


1/2 


(48) 


(49) 


These noise currents are converted to noise voltages at the output of the 
preamp by multiplying toy the transimpedance: 


V JN = I JN PiZ 
V GR ~ I GR ^ 


(50) 

(51) 
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Vbs = Iq3 AZ (52) 

VjNfb " I JNfb Az (53) 

All the noise voltages are in units of V// Hz. 

Preamplifier Noise Developmen t 

Since the same type of preamp is used in the PC H^ldTe : model as 
in the PV HgCdTe find FV InSb models, the preamp noise is handled in the 
same way. The detector impedance magnitude, phase angle, and real inpedance 
component are described by Eq (20-22). Substituting Rp for and Cp for Qj 
in Eq (20-22) allows the calcu].ation of feedback resistor impedance magnitude, 
phase angle, and real inpedance conponent. Equation 23 describes the output 
preamp noise voltage in V//Hz. 

D* Development 


The total noise voltage is 

Yt - (vjh 2 + v aR 2 + Va- 2 + v Mfc 2 + v PR 2 ) ^ 

The noise equivalent power is 

Vrp hC 


NEP = 


qnA z 


and D* peak in units of cm /Hz/W is 
D* = /A^/NEP 

The output signal current is 
I s = q h Q s Ad 

where 

I s = signal photo current (A//Hz) 


(54) 


(55) 


(56) 


(57) 



i 


i 


i 






TRUE D* 

Detector response is a function of wavelength. The math models 
above calculate D* as if the detector response were the same for all wave- 
lengths. Figures F-2 a .d F-3 show the relative response of HgCdTe and InSb 
detectors vs wavenumber. These figures have been used for the Baseline V 
calculations to obtain '.rue D* values. 










Figure F-3 InSb detector response vs relative wavenumber 






TODEL BESOMS TOR BASELINE V DETECTOR PERPOBMJSN™ 

Table F-» lists detector model parameters used *^ a ^ 1 ^ annelB ' 
corresponding Jn, std. and max scene temperatures, and used under 

Baseline V conditions. 

Table F-5 lists f ** 

channels 1, 10, ani 11 as a function of detector ox v* 

7 9 5 K/iaot 2 K/^t^BO K/180 K, restively. 

Because of the variety ^ Se^Sl ^ 

which baseline detector f 2r !?^ n ^ t J rety . This material can provide a 
printouts are presented in their ^i ety ig or for preparation 

S^^^Vtorsence specifications. 
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Table F-4. Detector performance for all channels under 
Baseline V conditions vs min, std, and max 
equivalent scene temperature 
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Table F-5. PC HgCdTe detector performance for 

channels 1, 10, and 11 as a function 
of bias potential 
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PC HGCDTE DCTECTCR FW9W« CHAHCL i TS'IM'STD 2 V/CM PC HGCDTE DETECTOR WdWa OWG 1 75/160/STD 4 V/CM 


CH * omo. fOMH 

r * dct. iepp 

HD • CCT. HCIOfT CM 

WD • CCT. WIDTH Oi 

TD * DCTECTCR THICKICSS CM 

VD • DETECTOR BIAS VOLTAGE V 

CD • CCTECTCR CAPACITANCE P 

RB ■ DETECTOR DARK RESISTANCE 0H1 

2D • CCTECTCR I MET DANCE OHi 

PD • DETECTCR PHASE AN3X RAD 

X ■ MOLE TRACTION 

PO • HOLE CONC. M-IYRE DOPING CM— 3 
ND • DONOR CARRIER COHC. CM—- 3 
MI • INTRINSIC CARRIER CCMC. CM*. "3 
TAU- CARRIER LIFETIME S 

no* aormH oticitn'i' 

OP* HfiK wjvchj-Slr i/CH 

EC » BAND CAP DCRGY EV 

STOP • CONDUCTIVITY 1/OHVCM 

MU • ELECTRON M06ILITY CM— 2/V/S 

MM* HXE MOBILITY CM— 2/V/S 

OBG- BKGD PHOTON FLUX KMSITY P/CM*»2/S 

OS ■ SGJ-L PHOTCN TUIX DENSITY P/CM*»2/S 

TRT- TEEDBYCX RESISTOR TDP. K 

CT . TDB< RESISTOR CAPACITANCE P 

RT • TEEDBACK RESISTANCE OHI 

PT * TDBK RESISTOR PHASE ANCLE RAD 

2T • TDBK RESISTOR IPPEDANCE OHI 

VS • SLFfXY VOLTAGE TO RF/DET. V 

AO ■ OPEN LOOP CAIN 

VP • PREAPP NOISE UIPUT) V/KZ— .5 

TC ■ CHOPPING fREOUEMCY HZ 

PH - DETECTCR BIAS POLES W 

ART- TEEDBACK RESISTOR BIAS POWER W 

S1GV • SIGN*. VOLTAGE 

RE ■ DET. RESPONSIVITY V/W 

A2 ■ TRAPPS IIPEDANCE OHI 
R • DCT. /PREAPP RESPONSIVITY V/W 
VK- BACKGROLND NOISE V/HZ— .5 
VJN- JOHNSON NOISE V/HZ— ,5 
VGR- GR NOISE V/HZ— .5 

VRT « TDBK RCSISTOR JOHNSON NOISE V/HZ— .5 
VPA- PREAPP NOISE V/HZ— .5 
VT - TOTAL NOISE V/HZ— .5 
ICP- NOISE EQUIVALENT POLES U/HZ— .5 
DSTAR • PEAK DSTAR CM*HZ— .5/U 


0.IOQUCHH CH • OTNtCL KMBEK 0,1000001 

O.TSOQC.OZ T * TCT. TEPP 0.7SCMCM32 

0. 13GOC-0I HD • DET. ICIOTT CM 0.I36QC-0I 

0.19900-01 WD • DCT. WIDTH CM O.I99OC.-01 

B.IOOOCHK TD • DETECTOR THICXTCSS CM O.10OOC-02 

O.3960C-0I V8 • DETECTOR BIAS VOUACE V 0.796OC-01 

0.15OOC-IO CD - DCTECTCR CAPACITANCE T 0.ISCMC-10 

0.3395E*03 RO • DCTECTCR DARK RESISTANCE OHI 0.3395E+03 

0.3395003 2D • CCTECTCR INXDANCE OHI 0.3395003 

0.1221E-09 PD * DCTECTCR PIPSE ANCLE RAD B.I221EHM 

0.10300*00 X • HXE TRACTION 0.1B3GEHX3 

0. 100GC+15 PO • HXE CONC. N-TYPE DOPING CM— 3 0.1U00O15 

0.1305C*16 ND - DCNR CARRIER CCMC, CM— -3 0,13Q5E*16 

0.36I2EL15 HI * INTRINSIC CARRIER CONC, CM»*-3 0.36I2C+I5 

0.10OOC-0S TAU« CARRIER L1TETIPC S 0.1OOOE-O5 

0.7000008 ETA- QUANTUM CFTICTCJO' 0.7000000 

0.6060003 NLP- PEAK LEtVO EMBER I/CM 0,6060003 

0 EG * BAND GAP EPCRCY EV 0.6847E-01 

0.43i0e+0i Sia« * CCroxTiviTo i com -CM s oiacnji 

0.2060005 PIJ - ELECTRON NOBILITY CM**2 V.’S 0 P06BEL05 

0.2950003 NJH- HOLE MOBILITY CM—2/Y 5 0.29S *..03 

O.1340E+1S OBG- BKGD PHOTON TUIX DENSITY P/EM«*2/S e.l'LteOlS 

0.S30OC+14 OS • SGPL PHOTON FUK DENSITY P/CM*«2/5 0,5300014 

0.160OCL03 TRT- TEEDBACK RESISTOR TEPP. K B.IMOE+OS 

0.30OOE-I2 CT • TDBK RESISTOR CAPACITANCE T 0.30OOE-12 

0.3395E+04 RT - TEEDIMCX RESISTANCE OHi 0,33950*04 

0.2443E-12 PT • TDEK RESISTOR PHASE ANCLE RAD 0.2443C-I2 

0,3395E*04 2F ■ TDBK RESISTOR IPPCDANCE OHI 0,3395E*04 

0.4370E400 VS ■ SIPPLY VOLTAGE TO RT/DCT. V 0.BT56E+00 

0. 100OE404 AO • OPEN LOOP GAIN 0,ie00E+04 

0.2000E-00 VP - PREAPP NOISE (INPUT) V/HZ—.S 0.2S00C-00 

0, 4400C*03 TC • CHOPPING TRECPXMGY HZ 0.440OE+03 

0.4666C-05 PW - CCTECTCR BIAS POLO! U 0.10G6E-04 

0,466a: -04 PRT- FEEDBACK RESISTOR BIAS POWER W 0, 1B66E-03 

0, 210OE-04 SICV • SIGNAL VOLTAGE V 0.B72IE-04 

B.5945C+04 RE - DET. RESPONSIVITY V/W 0. 1 1 EPOC *05 

0.3429004 AZ - TRAfCUMPEDANCE OHI _ 0.3429004 

0 , bOO 3 L *05 K • Dli./phlAMP KLaPOroiVITY V/W B.lcoiOSG 

0 . U 63 C -03 VBG- BACKGROUND NOISE V/HZ «.5 0 . 2325 E -06 

0 . 1 19 GC -07 VJN- JOHeON NOISE V/HZ «.5 0 . 1190 C-OT 

0 , 12 O 0 E -07 VGR- GR NOISE V/HZ *«,5 0 . 240 IE -07 

0 . 5532 E -00 VRT- TDBK RESISTOR JCH 60 N NOISE V/HZM.S 0 . 5 S 32 E -00 

0 .H 770 E -07 VPA- PREAMP NOISE V/HZ **.3 0 . 2770 E-CT' 

0 . 32 ?a-O 7 VT • TOTAL NOISE V/HZw .5 0 . 39 O 2 E -07 

0 . 5409 C-I 2 t€P- NOISE EOUIVALENT PC 1 LCR W/K 2*»,5 0 . 3249 E -12 

0 . 2997 E + 11 DSTAR ■ PEAK DSTAR CM*K 2 *».S/W 0 . 5063 E+U 


PC HGCDTE DETECTCR PTRrORrtYCE OVHCL 1 7S/160/STD 6 V/CM PC HGCDTE DETECTOR PERFORMANCE CHAHCL l 7S/I60^TD 8 V/OI 


CH - CHAHCL TIMBER 

T • DCT, TEPP 

HD - DCT. ICIGWT CM 

WD • DET. WIDTH CM 

TD - DCTECTCR THICKICSS CM 

VB - DETECTOR BIAS VOLTAGE V 

CD • OCTCCTCR CAPACITAPCE F 

RD • DETECTOR DARK RESISTANCE OHI 

ZD • DETECTOR IIPEDANCE CHI 

PD ■ DETECTOR PHASE ANGLE RAD 

X ■ MOLE FRACTION 

PO - HOLE CONC. N-TYPE DOPING CM»»-3 

ND ■ DONPR CARRIER CONC. CM**-3 

NI ■ INTRINSIC CARRIER CONC. CPW*-3 

TAU- CARRIER LIAETIIC S 

CIA* OUANTUI EFFICIENCY 

NUH* PEAK WAVEHMBER I/CM 

EG ■ BAND GAP DCRGY EV 

SIGMA ■ CONDUCTIVITY 1/CHVCM 

PU • ELECTRON MOBILITY CM*«2/V/S 

MX- HOLE MOBILITY CM--2/V/S 

Q8G- BKGD PHOTON rUi< PEP6ITY P/CM— 2/S 

OS • SGH_ PHOTON FLUX DENSITY P/CP!*«2/S 

TRT- TEEDBACK RESISTOR TOP. K 

CT ■ TDBK AES I STOP CAPACITANCE T 

RF • FEEDBACK RESISTANX CHI 

FT - FDS< RESISTOR PHASE ANGLE RAID 

zr ■ TDBK RESISTOR IIPEDANCE CHI 

VS • SLPPLY VOLTAGE TO RT/DCT. V 

AO • OPEN LOOP CAIN 

VP • PREPIP NOISE (IIPUTI V/HZ—.S 

TO • CHOPPING FREQUENCY KZ 

PW ■ DETECTOR BIAS POLCR W 

PRT- TEEDBACK RESISTOR BIAS POLCR W 

SIGV ■ SIGNAL VOLTAGE V 

RE • DCT. RESPONSIVITY V/W 

AZ • TRANSIPPEDANCE OHI 
R ■ DET./PREAIP RESPONSIVITY V/W 
VBG- BACKGROUND NOISE V/HZ—.5 
VJN- JOHEON NOISE V/HZ**.5 
VGR- GR NOISE V/HZ—.5 

VW- TDBK RESISTOR JOHEON POISE V/HZ—.5 
VPA- PREAPP NOISE V/HZ—.S 
VT • TOTAL NOISE V/HZ—.S 
ICP- POISE EOUIVALENT POLCR W/HZ— .5 
DSTAR - PEAK DSTAR CPt*HZ«*.5/W 


0,10QQC*01 CH • CHAHCL ICMBER 

0.7E«3C*02 T • DCT. TEPP 

0. 136OC-0I HD - DCT. PEIGHT CM 

A,i5*AOE-0l WD ■ DCT. WIDTH CM 

0.100OC-02 TD " DCTECTCR THICKNESS CM 

0. 1194E+00 VS • DCTECTCR BIAS VOLTAGE V 

0. 15O0C-10 CD • DCTECTOR CAPACITANCE F 

0.339SE*03 RD • DCTECTOR DARK RESISTANCE CHI 

0.3395C+03 ZD • DCTECTOR IIPEDANCE OHI 

0. 1221E-09 PD • DCTECTOR HOSE ANGLE RAO 

0.1B38E*00 X • MOLE TRACTION 

0. 1000E*15 PO - HOLE OONG. N-TYPE DOPING CM— -3 

0.130SE+16 ND • DONAR CARRIER CONC. CH«- 3 

0.361ZE+15 NI • INIRINSIC CARRIER OONC. CM—- 3 

0.I0OOC-0S TAU- CARRIER LIFETIME S 

O.7630C*0O ETA- OWTU1 ETTICIOCY 

0.606a+03 NLP- PEAK WVEHUMBER 1/CM 

0.6047E-0I EG - BAND CAP DCRGY EV 

0,4310001 SIGMA • CaOUCTIVITY 1/0HVO1 

0,2O60E*05 PU - ELECTRON POBIUTY OP— 2/V/S 

0.29S0E+03 MUH- HXE MOBILITY CM-2A I /S 

0. 1340016 OBG- BKGD PHOTON FLUX DENSITY P/Qt— 2SS 

0.S3O0C+14 OS - SGML PHOTON FUJX DENSITY P/CM— 2/S 

0,1600003 TRT- FEEDBACK RESISTOR TEPP. K 

0.3OO0C-12 CT • TDEK RESISTOR CAPACITANCE T 

0,339SC*O4 RF - TEEDBACK RESISTANX OPM 

0.2443C-IZ PT ■ TDU< RESISTOR PHASE ANGLE RAD 

0.3395004 ZT • TDBK RESISTOR IIPEDANCE OHM 

0.1313E+0I VS ■ SUPPLY VOLTAGE TO RF/DCT. V 

0. 1000004 AO - OPEN LOOP GAIN 

0.2eO0E-00 VP • PREAPP NOISE UHXJT) V/HZ—.S 
0,4400C*03 TC - CHOPPING FREQUENCY HZ 

0.4199E-04 PW « DCTECTOR BIAS PCLER W 

0.4199C-03 PRT- FEEDBACK RESISTOR BIAS PCLER W 
0. 1962E-03 SIGV - SIGNAL VOLTAGE V 

0. 17B3E*05 RE - BET. RESP0P6IVITY V/W 

0. 3429E*04 AZ - .TRANSIIPEDANX OHI 

0. 1801E+06 R - DCT./PREAPP RESPONSIVITY V/W 

0.3488E-00 VBG- BACKOKXP* NOISE V/HZ—.S 

0. 119a-07 VJN- JOPNSON NOISE V/HZ— .5 

0.3601E-07 VGR- GR NOISE V/HZ-.5 

0.5532E-00 VRT- TDBK RESISTOR JOHNSON NOISE V/HZ—.S 

0.Z77OC-07 VPA- PREAPP NOISE V/HZ—.S 

0.4744C-07 VT • TOTAL NOISE V/HZ—.S 

0 2633E-12 MOP- NOISE EQUIVALENT POER 14/HZ— .S 

0 624001 1 DSTAR • PEAK DSTAR CN«HZ**.S/W 


0.1000001 
0,TS00C*02 
0, 136BE-01 
0.1990E-01 
0.1000E-02 
0. 1592E+00 
B.1500C-10 
0.339SEHH 
0.3395EHB 
0.1Z21E-B9 

0, 1630E*00 
0, 1000015 
0.1305E*16 
0, 3612015 
0.100BE-05 
8.700«*0O 
0,6O60E*03 
0.6847E-01 
0.4310EHI1 
0.2060C+0S 
0.29500*3 
0.1340E+16 
0,5300E*14 

0.1600E+03 
0.3300C-12 
0,339SE*04 
0, H443C-12 
0.339SE+04 
0. 17S1E+01 
0. 1000E+04 

0,28O0E-ae 

0.4400C+03 
0.7465E-04 
0.7465E-03 
0. 3480E-03 
0.237SE+05 

0.3429E+04 
0.2402E+06 
0, 465OE-06 
0,ii9a-07 
0.4002E-07 
0.5532E-0S 
0.2770E-07 
0.5717E-07 
0.2300E-12 
0.6912E+I1 
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Table F-5 (CH l)b 


ORIGINAL PAGE IS 
OF : POOR QUALITY. 


PC tfiCOtC DETECTOR PCRFCWlAMCE CHAHCL I 75/,60/STD >0 V/OI PC HCCDTC DCTECTOR IWCWMCE 0**0. , 75/,60/STD ,2 V/CN 


ch • omcL iimn 

r * kt. top 

W • OCT. ICICHf 01 

HD • OCT. WIDTH 01 

TD > DCTECTCA THlOdXSS 01 

VJ • DETECTOR BIDS VOLTAGE V 

CO • DETECTCR CAPACITAm F 

™ ’ “CTCCTOfi WK RESISTANCE 0M1 

a • detector dpcdance chi 

pd • detector phase eras rad 

X • IDLE FRACTION 

' \S¥L. at1C - H-TYFE DOPING OB.-3 
» * DONAR CARRIER core, CM»*-3 
w • INTRINSIC CARRIER COK, CJ1..-3 
WU" CARRIER LIFETIlt: s 
cta. ouantln efticidct 

IIP* PCO< WAVDINSER 1/01 

K • band cop ocwy ev 

Slew • COKlXniVITV 1/OFN/OI 

MJ • ELECTRON NOBILITY CM**2/V/S 

JtH- MXE NOBILITY CH.WZ/V/S 

003" BKGO PHOTON FUIX DENSITY P/01--2/S 

OS • sat. PHOTON TUN DENSITY P/0 **2/8 

TRT* FECDBfiCX RESISTOR TOP. K 
a • raw RESISTOR CAPACITANCE r 
RT ■ FEEDBACK RESISTANCE 0M1 
PT • FDB< RESISTOR PHASE ANGLE RAO 
S ‘ ES2 l ^‘STW IWEDANCE OKI 
W • SIPPLY VCLTACE TO RT/DET. V 
RO • OPEN LOOP GRIN 

’ F Ri:W WISE (IHUT) V/HZ...S 
FC • CHOPPING rREOUCNCY HZ 
PH • DETECTOR BIBS POCR U 
PRF- FEEDBACK RESISTOR BIAS POLCR H 
SIGV • SIGNAL VOLTAGE V 
RE • PET. BESPOMSIVITY V/W 

AZ - TR«13lrfEDAI«3E ON 
P ' RESPONSIVITY V/W 

WG* UACKGROU-® NOISE V/HZM.5 
VON- JOHfSON NOISE V/HZ**.S 
VCR- GR NOISE V/KZ»*.S 

}*£* SSL£ ESIST0R J0,+ «ON NOISE V/HZ«».S 
VPA- PfiEfrP NOISE V/HZM.5 
VT • TOTAL NOISE V/HZ...5 

WISE EQUIVALENT POCR U/HZ»*,5 
DSTAR * PEAK DSTRR Q1«HZ*».5/W 


a, iooacioi 

0.750OC*0Z 
O.13GOE-01 
0.199OE-01 
0. 10OOC-02 
0. 19S0EHT0 
0, 15O0C-I0 
0. 3395C103 
0,3395C<03 
0.122IE-09 

0. 1O3QC«0O 
0. 100GCM5 
0. 130SC+16 
0,36I2£tl5 
0,IOO0E-0S 
0.7eooc+00 
0.6068003 
0.SB47E-01 
O,43I0C*01 
0,2060E«05 
0,295QE+03 
0.1340E*16 
0.530OE+U 

O.I60OCHJ3 
0.3OO0C-12 
0.339SCHM 
0.2443E-12 
0, 339SE+04 
0.2IB9E+0I 
0, 10GGE4G4 
0.2800E-00 
0.4400E183 
0. 1 1 SEE “03 
0.1166E-02 
0.545IE-03 
0.2972E*O5 

0.3429E104 
0. 3OG2E+06 
Q.SQ13E-0Q 
0, 1190E-07 
0.6002E-07 
0.5532E-00 
0.277OE-07 
0.67S6E-07 
0.2253E-12 
0.7301E+U 


CH • OmcL HLMBOT 
T ■ DCT. T0f> 

TO • Da. FCIGHT CN 
M) * Da. HIDTH CH 
TD • DCTECTOR THIOQCSS CH 
VB • DETECTOR BIAS VCLTIAGE V 
CD • OOECTCR CAPACITANX F 
RD • DETECTOR DO* RESISTANCE ON 
® • DCTEaOR HTOANCE ON 
PO • DCTECTOR PHTSC ANGLE RAD 

X • MOLE FRACTION 

PO • HOLE CONC. N-TYPE DOPING OH* -3 

T« • DOHA? CARRIER CONC. 01*»-3 

HI ■ WTRII6IC CARRIER CONC. CH..-3 

TAU- CARRIER LIFETIME S 

ETA- 0UANTU1 0TICI0CT 

IIP- PEAK HM3NNBER 1/01 

EG 1 irn> GAP ETCTCY EV 

SIGMA • CONDUCTIVITY I/ON/CM 

HJ • ELECTRON NOBILITY CM**2/V/S 

HN- HOLE NOBILITY 01..2/V/S 

OBG« &<GD PHOTON TUK DENSITY P/CM«»2/S 

os • sat. photon fuk censity p/cm*» 2 /s 

TRT« FEEDBACK RESISTOR TETP. K 

CF . ro»< RESISTOR CAPACITANCE T 

RT - FEEDBACK RES I ST ACE ON 

PP • FDBK RESISTOR PHASE ANGLE RAD 

ZF - FDB< RESISTOR IFPEDANX ON 

VS • SUPPLY VOLTAGE TO FT /DCT. V 

AO • OPEN LOOP GAIN 

VP ■ PREATN NOISE CItRUn V/HZ**,S 

FC • CHOPPING FREQUDCY KZ 

PH • DETECTOR BIAS POCR H 

PRF- FEEDBACK RESISTOR BIAS POCR W 

SIGV - SIGNAL VO.TAGF V 

RE • DCT, RESPONSIVITY V/W 

AZ • TRANSIIPEDANCE ON 

A * DCT. /PREATP RESPONSIVITY V/W 

VDG- BACKGROLND NOISE V/HZ**.S 

VJH- OONSI.W NOISE V/HZM.5 

VGR- GR NOISE V/HZ**.5 

1PF- FDBK RESISTOR JONSON NOISE V/HZ**.S 

VPA- PRCAfP NOISE V/HZ**.S 

VT ■ TOTAL NOISE V/HZ«*,S 

f€P- NOISE EQUIVALENT POER W^1Z«».S 

DSTAR • PEAK DSTAR 01-HZ*».5/U 


0, 10QOCH3! 
0.7SO0C+02 
0. 13G0C-0I 
0.199OC-01 
0. KXWE-ez 
0,2300C<00 

o. isoac-io 

0.3395E+03 
0. 3335E+03 
0. 1221E-03 

0. IB3AE<00 
0.10O0E+15 
0. 1385C+I6 
0.3612E+15 

0 . ioooc-es 

0.70O0C100 
0.G06OC1O3 
0.6847E-01 
0.43I0C401 
0.206QE+05 
0.29SOE+03 
0. 1340EH6 
0.S3OOE1I4 

0. 160BE103 
0.30O0E-12 
0.339SE404 
0.2PI3E-12 
0.3395EHM 
0.2627E+01 
0. 10O0E*e« 
0.2a00E-«3 
0.44CHE-I03 
0. 1GO0E-03 
0. I&Q0E-02 
a. 7S4SC--S3 
0.3567E+0S 

0,342SEt«M 
0.3603C+06 
0.6S75E-0Q 
0. HSeE~07 
0.7Z02E-07 
0.5S32E-00 
0.2770C-0TF 
0.7OS9E-07 
0.216IE-12 
0.7S4IE+U 


PC HGCDTE DCTECTOR PERTORNAra: CMAf-MX I 7S/160/STD 14 V/CH PC HGCDTC DETECTOR PERFORMANCE CHANCL 1 7S/160/STD 16 V/CM 


CH • CHAtCL HLNBER 

T ■ DCT, TOP 

HD • DET. 1CIGHT CM 

HD • DET. WIDTH CN 

TO • CETECTOR IHICKICSS CM 

VB ■ DCTECTOR BIAS VCCTAGE V 

CP • DETECTOR CFPACITACE F 

n resistance on 

S ■ ELECTOR iipcdance on 

pd • DETECTOR PHASE ATCLE RAD 
X ■ MOLE FRACTION 

R° ' iS^£, caic - h-twe doping oi**-3 

HD • DONAR CARRIER CONC. CM..-3 

IE!I5 rMSIC EPRHIER CONC, CM..-3 
TAU- CARRIER LIFETIFC S 
ETA- OUANTLN EFFICIENCY 
HP- PEAK WAVERMBER I/CM 
ED - BAND GAP 0CRGY EV 
£ I OIA - COraUCTIVITY 1/0HVCH 
W ’ SfCTRON NOBILITY CN**2/V/S 
mi- HOLE MOBILITY CN**2/V/S 
OBG- BKGD PHOTON FLUX DENSITY P/CH**2/S 
OS • SOI. FHOTON FLUX DENSITY P/CM**2/S 

TRF- FEEDBACK RESISTOR TOP. K 

£ ’ SS$^? ,ST °R CAPACITANCE F 

S ■ FEEDBACK RESISTANCE ON 

PF ■ FDB< RESISTOR PHASE ANGLE RAD 

£ ■ FDBK RESISTOR IIPCDANX ON 

S V< *- 7 RCE TO RF/DCT, V 

AO ■ OPEN LOOP GAIN 

VP • PREAfP NOISE (HPUT) V/HZ«*.5 

FC • OOPPING FREQUDCY HZ 

PW - PCTECTCR BIAS POLER W 

fRE" FEEDBAX RESISTOR BIAS POCR W 

SIGV . SIQtC VOLTAGE V 

RE • DCT. RESPONSIVITY V/W 

AZ ■ TRANSIfPEDRNCE OPN 
R ' RESPCA6IVITY V/W 

VBG- BACKGROUND NOISE V/HZ**,S 
VJH- JONSON NOISE V/HZ*.,5 
VGR- GR NOISE V/HZ**,5 

J Of SON NOISE V/HZ**,5 
VPA- PRlAIP NOISE V/HZM.5 
VT - TOTAL NOISE VHZ-..5 

^5?' WISE equivalda power plhz**.s 

DSTAR ■ PEAK DSTAR CM*HZ*»,5/W 


0. 10OOE«0i 
0, 75OQC+02 
0. 1360E-01 
0, 193OE-0I 
0, 100OC-02 
0.27B6E+00 
0. 15O0E-I0 
0.339SC-03 
0.339SE*03 
0. 1221E-09 

0. 1030000 
0. I0O0C+15 
0.13O5E+I6 
0.3612E*15 
0. 10OBE-0S 
0. 70QOE+0O 
0.606.LE+03 
0.684ZE-01 
0, 4350E-0I 
0. 2O60C+05 
0.29S0E+03 
0. 1340E+16 
0.53C«:*14 

0. 1GO0E+03 
0.30OOE-12 
0.339X+04 
0.2443E-12 
0. 3395E+04 
0.306SE+01 
0. S000EH34 
0.280QE-00 
0. 440OE+03 
0.2296E-03 
0. 2206E-02 
0.1060E-02 
0, 4161E+05 

0. 3429E+04 
0.42U3E-06 
0.0130E-0S 
0, 1! S0C-07 
0.B403E-07 
0.5532E-00 
0.2770E-07 
0.0902E-07 
0.2137E-12 
0,7699C*n 


CH ■ CHAtCL NUMBER 

T • DCT. TDP 

HD • DET, ICJGHT CM 

HD ■ DCT. WIDTH CM 

TD • DCTECTOR THICKNESS CH 

VB • DCTECTOR BIAS VOLTAGE V 

a • DETECTOR CAPACITANCE F 

RD * DETECTOR DARK RESISTANCE ON 

a • DETECTCR HPEDAfCE ON 

PD ■ DETECTOR PHASE ANGLE RAD 

X ■ MOLE FRACTION 

PO ■ HOLE COfC, N-TYPE DOPING CM**-3 

ND • DOIPR CARRIER COfC, CM**-3 

HI ■ INTRINSIC CARRIER CONC. CM**-3 

TAU- CARRIER LirETIIC S 

ETA- OUANTLN EFFICIDCY 

NLP- PEAK WAVEMNBER I/CM 

EG ■ EAND GAP ETCRGY EV 

SIGMA - CONDUCTIVITY 1/OtHCM 

MU ■ ELECTRON MOBILITY CM**2/V/S 

mi- HOLE NOBILITY CM**2/V/S 

OBG- EKGD PHOTON FLUX DENSITY P/CM**2/S 

OS • sat. PHOTON FLUX DENSITY P/CM**2/S 

TRF- FEEDBACK RESISTOR TtfP. K 

C T ■ FDBK RESISTOR CAPACITANCE F 

RF • FEEDBACK RESISTANCE ON 

PT - FDB< RESISTOR PHASE ANGLE RAD 

ZF • FDBK RESISTOR HPEDANCE ON 

VS * SUPPLY VOLTAGE TO RF/DCT. V 

AO - OPEN LOOP GAIN 

VP * PRFAFP NOISE (HPUT) V/HZ**,S 

FC - CHOPPING FREQUENCY HZ 

PW - DETECTCR BIAS POCR - 

PRF- FEEDBACK RESISTOR BIfl OLER W 

sigv - siate voltage v 

RE • DCT. RESPONSIVITY V/14 

AZ * 'TRANS IMPEDANCE ON 

R - DET./PREAfP RESPONSIVITY V/W 

VBG- BACKGROLND NOISE V/HZW.5 

VJN- JONSON NOISE V/HZ**.5 

VGR- GR NOISE V/HZ*».S 

VAF- FDB< RESISTOR JOP60N NOISE V/HZ**.5 

VPA- PREAfP NOISE V/HZ**,5 

VT ■ TOTAL NOISE V/HZ**,S 

>€P° NOISE EQUIVALENT POLER W/HZ**.S 

DSTRR ■ PEAK DSTAR CM*HZ**.S/W 


0.10O0C»01 
0.7500E+C2 
0, 136OE-0I 
0.1990C-01 
0.100OE-02 
0, 3104C+00 
0. 150QE-I0 
0.3395EH33 
0.339SE+03 
0. 1221E-09 

0.1B38E400 
0.10OOEtI5 
0.13OSC4I6 
0. 3612E115 
0. 100OE-0S 
0.70OGE+00 
0.6O60E403 
0.6647E-0I 
0. 4310E+01 
0.2060E405 
0.2950E+03 
C.1340E+I6 
0.S300EXI4 

0. 1S00E103 
O.3000E-12 
0.339SE404 
0.2443E-12 
0.3395E*04 
0.3S02E+01 
0.1000E+04 
0.2000E-0B 
0.4400E+03 
0.2906E-03 
0.29B6E-02 
0, 139SE-02 
0, 4756E+0S 

0. 3429E+04 
0.4a04E+06 
0.930IE-3S 
0. 1190E-07 
0.9603E-07 
0. 5S32E-00 
0.2770E-07 
0.10I2E-06 
0.2107E-12 
G. 78G6E+1 1 


Table F-5 (CH 10) a 


FC (-score DETECTOR PWOWCE OIAHCL )0 75/|H»/*TD Z v/cn 


PC WCDTC K.TECTOR W«mCC OrnCL. 10 75/160/STD 4 V/CM 


01 

T 

HD 

HD 

TO 

VB 

CD 

RD 


omc. nj*cr 

DCT, TEW 

ter. Hriorr oi 
rcr. width oi 
oeitcTCR ihicwess 01 

DCTECTOR BIAS VCCTAX V 
DCTECTOR CAPACITAWE F 

dctectcr Dfw resistance chi 
octector iwawa: ohi 

DCTECTOR PHASE AWLC RAD 


o ioocc*ez 

CM 

« 

OmCL ItNBCR 


0.730OC*0Z 

T 

# 

DCT. TEW 

6,750 0c*sa 

0. 1360C-01 

HO 

« 

DCT. (CION CM 

0. J36GC-31 

0.ZS20E-01 

WD 

• 

OCT. WIDTH CM 

0.?9?UC*O1 

0.10O0E-0Z 

TD 

# 

DETECTOR THICWCSS CM 

0. 10Q0CH32 

0.504QC-01 

V8 

m 

OCTECTCR BIBS VOLTAGE V 

O.U&SC+OQ 

0. 1S00C-10 

CD 

• 

DETECTOR CAPRCTTacC r 

0. 1500010 

0.496ZE*03 

RD 

•* 

DC HECTOR DOW RESISTANCE 041 

0,49U2E<03 

0. 490BE+03 

ZD 

• 

DCTECTOR IffEDNCE ONI 


0.03Z*E*10 

TO 

e 

DETECTOR PHASE AlGLE RAD 

0,0324C-10 


X 

PO 

HD 

HI 

TAU 

ern 

HJP 

cc 


Slew . CflfOJCTIVITY 1/OHVCM 


HU 

HUH 

QDG 

os 


mix traction 

hole ewe, ft - type doping o— 3 

Daw CAWIER CO NC. CM— J 
INTRINSIC CARRIER CONC. 01—3 
CARRIER UirCTttC S 
qurntui efficiency 

PERK tCMYEMBCR I /CM 
BO® GAP ENERGY EV 


ELECTRON MOBILITY C M**Z/V/S 
WlX MOBILITY 01**Z/V/S 

mas fkstoh flux density p/cm**2/s 

SGML PWTON run DOSITY P/CM*»2/3 


0, tease ma 
0,iaaoc*i5 
0.13O5E+16 
0.3612EHS 
0.10OOCHB5 
0.7OOOE1O0 
0. COOK *03 
0.6S-t7E-0l 
0.4310001 
0. 2060003 
0.291*003 
0.712OE+I5 
0.19Q0O14 


x • HXE rwoiui 

PO • MOLE eat;. M-TYPE DOPIW CM».-3 
HD * 0 am CARRIER cac. 01**-3 
HI • INTRINSIC CARRIER CO NC. CM**-3 
mu* CARRIER LIFETIfC S 
an* QUANTUM OTICIOCi' 

HUP* PEAK UAVDU-eCR 1/01 

EG - BAND GRP OCRGY EV 

SICW * COfOXTIVITY t/OHM/CH 

It) * ELECTRai MOBILITY CM**2/V/S 

TUI- MOLE MOBILITY 01*»2/V/S 

08G* EKGD PHjroH njlAC DOSITY P/CMU2/S 

OS * SOL PHOTCH fUK DENSITY P/CM**2/f. 


0.1B3GC*00 
0.IO0OE+I5 
0, 1335EM6 
0. 3612E+15 
0. 1000005 
0. 70006*03 
0.6OKO03 
0.6047E-O1 
0.43I0C*0I 
0.2BSOE*BE 
0 2930C+03 
0.7120E+I5 
0.1900EU4 


TRF 

cr 

RF 

PF 

ZF 

VS 

AO 

VP 

re 

PU 

pr r 

SIGV 

RE 


FEEDOACX RESISTOR TEW. K 
FDBK RESISTOR CAPACITANCE F 
FEEDBACK RESISTANT 0H1 
FDBK RESISTOR PHASE ANTE RAD 
FDBK RESISTOR IWEDANCE CHI 
SUPPLY VOLTAGE TO RF/CCT. V 
OPEN LOOP GAIN 

PREAW NOISE (IWUT) V/KZ»*.5 
CWPPIW rpECUENCY HZ 
DETECTOR BIAS PCLER W 
FEED BAT RESISTOR BIOS PO-XR U 
• SIGNAL VOLTAGE V 
■ OCT. RESPaSIVITY V/W 


tS.;6OOC*03 
0.30O0E-JZ 
0.49Q2E*04 
0. 1663E-1Z 
0.4902E+04 
0.6424E*00 
0.100<O04 
0.Z00OE-O0 
0. 440QC403 
0.60466-05 
0.6O4CC-04 
0.7016C-0S 
0,3945E«04 


TRT* FEEDBACK RESISTOR TEW. K 
CT » FDBK RESISTOR CAPACITANCE r 
R T * FEEDBACK RESISTAWE ail 
PF * FDBK RCSI5T0R PHASE A -OLE RAD 
ZF • FDDK RESISTOR IMPEDANCE CHI 

vs • supply voltage to rf/oet, v 

AO ■ OPEN LOOP GAIN 

VP » PPCAW NOISE 1IIPUT) V/H7*«.S 

FC • CHOPPING FREQUENCY HZ 

PW • DETECTOR BIAS POC R W 

PR F* FEEDBACK RESISTOR DIRS POAER U 

SIGV * SIGNAL VOLTAGE V 

RE • ter. RESPasivire v/w 


0. 160OE+03 
0.3O00E-IZ 
0.4962EKS4 
0.1665E-I2 
0.4902E404 
0. 1283E40I 
0,10Q0E*04 
0.2Q00E-00 
0,4400E*03 
0.273SE-04 
2.2730E-03 
0.3J26E-04 
0,1109E+0S 


A7 ■ 

R • DET./PREFW RESPCMSIVITY V/W 

VBG- BACXGROU® WISE V/KZ»*.5 

VJN- JOHlSai NOISE V/HZ**.5 

VGR* GR NOISE V/HZ**.5 

VRF- FDBC RESISTOR JOANSON NOISE V/HZH.S 

VPA* PREAW WISE V/HZ**.5 

vr * Tom*, wise v/hz**.s 

NET* WISE EQUIVALENT POWER U/HZ**,5 
DSTAR * PEAK DSTAR Q1»KZ**.5/W 


n.saaaoa, 
0,6eose*e5 
0,!0Z7E-Oe 
0.1451E-07 
0, 1454E-07 
0,6702E-Ee 
0.2770E-0? 
0.3514E-07 

a.sesaE-iz 

0.340SCTH 


tt> * TPdfKtHPrrwftrr rftft-. 

R * DCT. /PREAW RESPCMSIVITY V/W 

VBG* BACKGROUND WISE V/HZ**. 5 

VJN* J0W60N WISE V/HZ** 5 

VGR* CR WISE V/HZ**. 5 

VW» FDBC RESISTOR JOH1SON WISE V/HZ**.5 

VPA* PREAW WISE V/HZ** . 5 

VT » TOTAL WISE V/HZ**, 5 

HEP* NOISE EQUIVALENT POWER U/HZm.5 

DSTAR * PEAK DSTAR CM*HZ**.5/W 


S.5032E+S4 
EL 1231E+0G 
0,Z0S3E-0e 
0.1451E-07 
0.290aE-07 
0.67BZE-00 
0.2770E-Q7 
0.43Z7E-07 
0.36B3E-1Z 
0.553IE+1I 


PC HGCDTE DETECTOR PEFFCRWNCE CHANCE 10 7S/160/STD 6 V/CM 


PC HGCDTE IXTECTCR PERFORMANCE 


CHANEL 10 7S/I60/STD 0 V/CM 


CH 

CHflffCL NUMBER 

0. 1000002 

CH 

oma iuiber 

0. 10QQE*Q2 

T 

dct. mr 

0.750C3E*O2 

T 

DCT. TUB 

0.7S0QC*02 

HD 

DC r . KTIGHT CM 

0.136OC-01 

HD 

DCT. WIGHT CM 

0.1360C-Q1 

WD 

DCT. WIDTH CM 

U.2S20E-0 1 

WD 

DCT. WIDTH CM 

0.Z3Z0C-01 

TD 

DETECTOR THIOtfCSS CM 

0, 10O0EH32 

TD 

CCTECTCft TH1CKWSS CM 

0.10O0E-0Z 

VB 

DETECTOR BIAS VOLTAGE V 

0, 1752E+00 

VB 

DCTECTOR BIAS VOLTWE V 

0,?336C*e0 

CD 

DETECTOR C^ACITANCE F 

0, 1500E-10 

CD 

DCTECTOR CRPWITRWE F 

0. 150OC-10 

RD 

DCTECTOR DflRK RESISTANCE 0**1 

0.4962003 

RD 

tCTECTCH DARK RESISTATCC 0H1 

0.4982E*03 

2D 

DCTECTOR IMPEDANCE OKI 

0,49Q2E*03 

ZD 

DCTECTOR IWEDfiWE 0H1 

0,49BZE*03 

PD 

DCTECTOR PHSSE W«LE RAD 

0.B324E-10 

PD 

DCTECTOR PHASE flr«L£ RAO 

0,a3Z4E-10 

X 

MOLE FRACTION 

0.1B36E400 

X 

MC1X FRACTICH 

O.tB30E*aO 

PO 

HOLE CONC, H-TYPE DOPING CM**-3 

0. 100GE+15 

PO 

HOLE COW. N-TYPE IWIMG CM— 3 

O,t0CHE*15 

KD 

DONAR CARRIER CONC, CM*— 3 

0, 1305E*16 

NO 

DCMOR CARRIER COW. 01—3 

0.13O5E*I6 

HI 

INTRINSIC CARRIER COTC. CM**-3 

0.3612E+15 

HI 

IKTRIffilC CARRICR CO HE. CM— 3 

0,3£>12T*I5 

T«J 

CARRIER LIFETIME S 

0. 100OE-05 

TAU 

CARRIER LIFCTIW S 

0, 100OE-05 

CTR 

OUflNTIM OTICIENCY 

0.700OC400 

ETA 

0LANTU1 EFFICIENCY 

0,70O0E*Q0 

rup 

PEAK WAVENUMDCR 1/01 

0.6O6QE403 

NJP 

PEAK WAVOUfflCR 1/CM 

0.6O6a:*ca 

CG 

BAND GAP ENERGY EV 

0.6047E-01 

EC 

BAT® GAP DCRGY CV 

0,604 7E-01 

SIGW - CONDUCTIVITY I/OKVOi 

0,4310E*01 

Slew - CONDUCTIVITY l/OM/CH 

0. 43106*01 

MU - 

ELECTRON MOBILITY CM**2/V/S 

0.2060005 

MJ • 

ELECTRON WBIUTY 01**2 /V/S 

0.20606*05 

MX- 

HOLE MOBILITY CM**2/V/S 

0. 295GE-J03 

MX- 

HOLE WBILITY CM**2/V/S 

0.293CC*Q3 

QDG- 

BKGD PHOTCH FLLN DENSITY P/CM**2/S 

0.7120E+15 

QBG- 

BKGD PWTON FLUX DENSITY P/CM**2/S 

0.7120E+15 

OS • 

SOC PHOTON FLUX DENSITY P/CM**2/S 

0,1900014 

as • 

SGIE PWTON FUC* DENSITY P/01**Z/S 

0. 1900E+14 

TRT- 

FEEDBACK RESISTOR TEFP. K 

0.16O0C403 

TRl- 

FEEDBACK RESISTOR TEW. K 

0. 1600C+03 

cr * 

FDDK RESISTCW CAPACITANCE F 

0.3000E-12 

Cl • 

FDBK RESISTOR CAPACITANCE F 

0.3O30C-I2 

RT - 

FEEDBACK RESISTANCE OKI 

0.49O2E404 

Rl - 

FEEDBACK RESISTANCE CHI 

0.4982E+04 

PT • 

FDBK RESISTOR PHASE ANGLE RAD 

0.1G65E-12 

PI * 

FDBK RESISTOR PH3SE ANGLE RAD 

0. I665E-12 

2F - 

FDBK RESISTOR IfPEDATCE OKI 

0.4902E404 

Z1 • 

FDBK RESISTOR IMTDANCE 0H1 

0,49e2E*04 

VS ■ 

SUPPLY VOLTAGE TO RF/DET. V 

0. 1927E401 

vs • 

SUPPLY Va.VAGE TO Rl/OCT. V 

0.2S70E401 

W - 

OPEN LOOP GAIN 

9. 1000E+04 

AO - 

OPEN LOOP GAIN 

0,100OE*«4 

VP • 

PREATP NOISE < ir^PLTT) V/HZ**. 5 

0.2800E 08 

VP * 

PREAW WISE UIPUT) V/KZ**.S 

0.Z9O0E-C0 

FC - 

CHOPPING FREQUENCY HZ 

0,44002*03 

FC • 

CHOPPING FREOUOCY HZ 

0.4400E+03 

PW - 

DETECTOR BIAS POWER W 

0.6163E-04 

PW • 

DETECTOR BIAS PCLER W 

0.I095E-03 

PRF- 

FEEDBACK RESISTOR BIAS POWER W 

0.6162E-03 

FRl- 

FEEDBACK RESISTOR BIAS FCLCR W 

0. 109SE-B2 

SIGV 

- SIGNAL VOLTAGE V 

0.703SE-04 

SIGV* 

■ SIGNAL VOLTMT V 

0. 12SIE-03 

RE 

DCT. RESPONSIVITY V/W 

0.17B3E40S 

RE 

DCT. RESPONSIVIVY V/W 

0.237BC+05 

ftZ - 

TR»«IFPEDANX OKI 

0.S632E404 

AZ - 

•TRAfGIIPEDAWE CHI 

0,S03Z£*04 

R • 

DET . /PREAFP RESPONSIVITY V/W 

0. 1Q01E406 

R - 

DCT. /PREAW RESPONSIVITY V/W 

0.24S2E+Q6 

VBG- 

BACKGROUND NOISE V/HZ**. 5 

0. 30002-00 

VBG- 

BACKGROUND WISE V/HZ**.S 

0.410GE-00 

VJH- 

JOHNSON NOISE V/HZ**. 5 

0, 1451E-0? 

VJN- 

JOHGON WISE V/HZ**, 5 

0.I4S1E-Q7 

VGR- 

GR NOISE V/HZ**, 5 

0.4362E-07 

VCR- 

GR WI'.E V/KZ**.5 

0.S8I6E-07 

VRF- 

FDBK RESISTOR JOPNSON NOISE V/HZ- *.5 

0.6702E-08 

vra* 

FDBK RESISTOR WISE V/HZ**. 5 

0.6702E-Q0 

VRR- 

PREAMP NOISE V/HZ**. 5 

0.2770E-07 

VPA* 

PREAW WISE V/HZ**, 5 

0.277B6-Q7 

VT - 

TOTAL NOISE V/HZ**. 5 

0.S417E-07 

VT - 

TOTAL WISE V/HZ**. 5 

0.66S0E-07 

f€P- 

NOISE EQUIVALENT PCLER W/HZ—.5 

0, 3007E-12 

fCP- 

WISE EQUIVALENT POtXR U/HZ**,5 

0.2769C-12 

DSTPR 

- PEAK DSTAR CM*HZ**,5/W 

0.6627E411 

DSTfW * PCflK BSTPfi CM*HZ»*.5/W 

0.71SGE* 1 1 


Table F-5 (CH 10) b 


IS 

poor quality 


PC tftCDTC DETECTOR PtWCWttCE 04Y4CL 18 73'160'STD 18 V/OI PC HGCDTE DETECTOR PEAFCRMAWE OmCL 18 75/1G0/STD 12 V/Q1 


m • owo mas a. looactoz 

T • CCT. TEMP O. 75 CW +02 

HD • tCT. HEIGHT CM 0 . 1360 C- 0 I 

W> • ter. WIDTH CM 0 , 29206-01 

td • cctector rwioatss cm e. 10006-02 

vb • detector sirs vcltagc v 0.2920c *ee 

CD • tCTECTCH CAPAEIT AHC6 T 0.15006-10 

RD • DC TEC TOR CW< RESISTANCE OKI 0,49C2C*«3 

ZD • DCTECTOR IMPEDANCE CHI 0.49826*03 

PB • DCTECTOR FW7SC ANGLE RAD 0.03246-10 

X • MXE FRACTION 0.1B38E*00 

PO • HOUE 0C4C. M-TTPE DOPING CM«*-3 0. IOOOCU5 

MO ■ DOWR CARRIER CONC. CM*»-3 0,13056*16 

HI « INTRINSIC. CARRIER CO<. CM**-3 0.3612EU5 

TAU* C/RRICR LIFET1MC S 0, 1OCMC-05 

ETA* O.RNTU1 0TIC1DCY 0.70006*00 

NJP* PEAK WWDLWER 1/01 0.6060:403 

EC • BRIO CpP UCRGY EV 0.604 VC-01 

STOUT • CacuCTIVITY 1/CHVCM 0,43106*01 

MU • ELECTRON MOBILITY CTW»2/V/S 0.Z06OC405 

MM* MXE MOBIUITY CM»»2/V/S O.2950C+03 

ODG* WGD PHOTON FUK 0061 TY P/C rt**2/S 0.7120C+15 

OS * SOI. PHOTON FUIX DOSITY P/CM*»2/S 0. 19O0C4H 

TRF* FEEDBXX RESISTCR TOP*. X 0.16OOC403 

cr • FDBK RESISTOR 0APACITA44CE T 0.3000E-12 

RT • FEEDBACK RESI5TOCE OH! 0.4902E*04 

PT • fDIK RESISTOR PHASE H43LE RAD 0,16636-12 

ZT - fDDK RESISTOR 1MTDA4CE 04 tl 0.49026404 

VS • SUPPLY VOLTAGE TO RF/DCT. V 0.3212E40I 

RO • OPOI LOOP GAIN 0. 10006404 

VP - PREATP NOISE CItfVn V/HZ**. 5 0.2000C-00 

re • CHOPPING rREOLOCY HZ 0.4400C403 

PH • DCTECTOR BIAS POlCR W 0.1712E-03 

PRF- nXDBACX RESISTOR BIAS POICR H 0. 1712E-02 

SIGV • SIGW. VOLTAGE V 0.1954C-03 

RE * DCT. RTSPCHSIVITY V/W 0.29726*05 

AZ • TROfilMPEDANCE 0441 0.S032E404 

R • ter. /PREAMP RESPONSIVITY V/W 0.3S02CT0& 

VD3- BACKGROUND NOISE V/HZ*»,5 0.S133E-00 

VJN* K4460N N0I5C V/(Z**, S 0. I4S1E-07 

VGR* OT (CISC V/HZ** 5 D.7270E-0? 

VRf. FDBX RESISTOR JC444SON I40ISE V/HZ**. 5 0. 6702 E-0S 

VPA* PREAMP NOISE V/HZ**, 5 0.Z770C-07 

VT • TOTAL NOISE V/HZ»*.5 0.79596-07 

ICP* NOISE EQUIVALENT *04€R U/MZ**.5 0.2651C-12 

DSTAR • PTfiK DSTAR CH*HZ»*.5/W 0.73176*11 


CH • CHTHEL NEWER 0. 10(306*02 

T * tET. TEN* 0.73MEMB 

HD * DCT. ICIOfT CM 0.136GC-01 

WO » DCT. WIDTH CM o.zseec-oi 

TD * DCTECTOR 1HIOQES8 CM 0. 10036-02 

VS • DCTECTOR BIAS VOLTAGE V 0.35046*00 

CD * D6TECTCR CAPACITANCE F 0.I3OOC-I0 

RD • DETECTOR DARK RESISTANCE 0441 0.4903: 403 

ZD * DETECTOR IMPEDANCE CHI 0.49C2E.03 

PO • DETECTOR PHASE ANGLE RAO 0.0324C-10 

X • MOLE FRACTION 0.1030E4O0 

PO * HOLE COtC, N-TYFE DOPING CM*. -3 0.IOO0E4I5 

I© * COFVT CARRIER COTC. CM..-3 0,13056*16 

HI • INTRINSIC CARRIER CONC, CM**-3 0.36I2E41S 

T«J. CARRIER LITETIrt: S 0.10006-05 

ETA* ocmail EFFICIENCY 0.70006*00 

HUP* PEAK MTVEHJMaER t/CM 0,60686*03 

EG * BAND CAP EKRCY EV 0.6047E-01 

SIGMA » CCECUCTIVITY i/CHVCM 0.4310E401 

MU ■ OECTRON MOBILITY OM-2/V/S 0.2O606+05 

MH* HXE MOBILITY CM*«2/V/S 0. 29506*03 

QBG* BCGD PHOTON FUl* OOSITY P/CM..2/S 0.7I20C4I5 

OS * SCft. PHOTON FLUX DOSITY P/CM**2/S O.19O0E*I4 

TRF* FEEDBACK RESISTOR TEW*. K 0.16OCC403 

CF « FDBK RESISTOR CAFACITANX F 0. 30006-12 

RF • FEEDOACK RESISTANCE CHI 0.49026*04 

PF * FDDK RESISTOR PHASE ANGIE RAD 0, 16656-12 

ZT * FDDK RESISTOR IIREDANCE OHM 0. 49026*04 

VS * SUPPLY VOLTAGE TO RF /DCT. V 0.30546*01 

AO • OPEN LOCP GAIN 0.1000C404 

VP ■ PREAMP NOISE CITPUT) V/HZ**. 5 0.28006-08 

FC * CHOPPING FREOUENCY HZ 0. 440OC403 

PH * tCTECTOR BIAS POLO? H 0.2465C-03 

PRT- FEEDBACK RESISTOR BIAS POWER H 0.246SE-02 

SIGV * SIGNL VOLTAGE V 0.2014C-03 

RE * DCT. RESP0NSIV1TY V/W 0.35676*05 

AZ * TRANSHPEDANCE CHI 0.S032E404 

R - DCT. /PREAMP RESPCNSIVITY V/H 0.36036*05 

VBG- BAOCGROU© NOISE V/HZ**. 5 0.6159C-08 

VJN- JOHiXON NOISE V/KZ*».5 0.14516-07 

VCR* OR NOISE V/HZ**. 5 0.B724E-07 

VRT- FDB< RESISTOR J OH SON NOISE V/HZ**.S 0.6702E-00 

VPA* PREAtf* NOISE V/HZ **.5 0.2770E-07 

VT • TOTAL NOISE V/HZ**, 5 0.93I2E-07 

NEP- NOISE EQUIVALENT POWER U/HZM.5 0,25eSC-I2 

DSTAR • PEAK DSTAR OVHZ**.5/W 0.771OC*I1 


PC HGCDTE DETECTOR PERFORMANCE CHAHCL 10 73/ISO/STD 14 V/CM PC H5CDTE DETECTOR IERFORMAICE CHAfCL 10 75/160/STD 16 V/CM 


CH ■ 0444(0. NLMBER 0. 10006*02 

T • DCT. TEM 3 0.75O0E+02 

HD • DET. HEIGHT CM 0.136OE-01 

HD • DCT. WIDTH CM 0.2920E-01 

TD * DCTECTCR THICKNESS CM 0. 1000C-02 

VB * DETECTOR BIAS VOLTAGE V 0.4OGGCHJO 

CD - DCTECTOR CAPACITANCE F 0.I5O0E-10 

RD - DCTECTCR DAFK RESISTANT 0H1 0,49026*03 

ZD • DETECTOR IMPCDAK X 0441 0.4902E*03 

PD • DETECTOR PM3SE ANGLE RAD 0.B324E-10 

X • HOLE rRACTIWI 0. 1030E4O0 

PO • HOLE CUC. N-TYPE DOPING CM»*-3 0.1OOOC+1S 

ND • DCHR CARRIER CONG, CM**-3 0.13OSC*16 

NI • INTRINSIC CARRIER CCNC. CM**-3 0.3612E+15 

TAU* CARRIER LirETIlE S 0. 10OOE-05 

ETA* QU3NTU1 EFTICIEMCY 0.7OOOE40O 

NUP* PEAK WAVENUMBER 1/CM 0.6O6DC4O3 

EG * BAND GAP DCRGY EV 0.68476-01 

SIGMA - CONDUCTIVITY 1/0441/CM 0.4310E40I 

NJ * ELECTRON MOBILITY 01**2/V/S 0.206OC*05 

MJH* HOLE MOBILITY CM**2/V/S 0.29506*03 

QBG* BKGD PHOTON FUA< DENSITY P/CM*»2/S 0.7I20E+15 

QS • SGN. PHOTON FLUX DENSITY P/CM**2/S 0.190OE+14 

TRF* FEEDBACK RESISTOR TEMP. K 0.I6OOE+03 

CF • FDBK RESISTOR CAPACITANT F 0.3000E-12 

RP ■ FEEDBACK RESISWCE 0441 0.4902E*04 

PT • FDEK RESISTOR PHASE AISLE RAD 0.1665E-12 

Z F ■ FDBK RESISTOR IMPEDANCE 0441 0.4902E+04 

VS • SUPPLY VOLTAGE TO RF/DCT. V 0.4497E401 

AO » OPEN LOOP GAIN 0.1000E*04 

VP ■ PREAMP NOISE UNPUT) V/KZ**.5U 0.2000E-00 

FC • CHOPPING FREQUENCY HZ 0.4400E403 

FW • DETECTOR BIAS POLER U 0. 3355E-03 

PRT* FEEDBWK RESISTOR BIAS PCKCR U 0.33556-02 

SIGV ■ SIGNAL V0LTAG6 V 0.30306-03 

RE • DCT. RESPONSIVITY V/W 0.4I6IE40S 

AZ • TRANS IMPEDANCE 0441 0.503BE404 

R ■ DCT. /PREAMP RESPONSIVITY V/W 0.4203E406 

VBG* BACXGR0L4® NOISE V/HZ**. 5 0.7186C-00 

VJN* JOH4SON NOISE V/HZ**. 5 0. 1451E-07 

VGR* GR NOISE V/HZ**, 5 0. 1010E-06 

VRT* FDa< RESISTOR J0441S0N NOISE V/HZ**. 5 0.6702E-08 

VFA* I TEAM* NOISE V/HZ**. 5 0.2770E-07 

VT * IOTAL NOISE V/HZ**. 5 0.I069E-06 

ICR" NOISE EOUIVALENT POWER WmZ**.5 0.2544E-I2 

DSTAR ■ PEAK DSTAR CN*HZ**.S/W 0.7833E+11 


CM • CHATTEL NJ1DER 8. 1000E*02 

T * DCT, TEM> 0,75006*02 

HD • DCT. KIGHT CM 0. 13G0C-01 

MO • DET. WIDTH CM 0.2920E-01 

TD * DETECTOR THICKMuSS CM 0,10006-02 

VB • DCTECTOR BIAS VOLTAGE V 0,46726*00 

CD • DCTECTOR CAPACITANCE F 0. 1500C-I0 

RD • DCTECTOR DARK RESISTANCE 0441 0.4982E*03 

ZD • DCTECTOR IMPEDANCE 0441 0.49826*03 

PD - DCTECTOR PHASE ANGLE RAD 0.B324E-10 

X ■ HOLE FRACTION 0. 18386*00 

PO • HOLE CONG. N-TYPE DOPING CM**-3 0.10006*15 

ND * Dam CARRIER CONC. CM**-3 0,13056*16 

NI * INTRINSIC CARRIER CONC. CM**-3 0.3612E+15 

TAU* CARRIER UPETIME S 0.IO0OC-05 

ETR* QUANTUM EFFICIDCY 0.700OE*00 

NUP- PEAK WAVENUMBER 1/01 0. 60686*03 

EG * BAND m° OtRGY EV 0. 68476-01 

SIGMA ■ CONDUCTIVITY I/044VO1 0.43106*01 

MJ " ELECTRON MOBILITY CM**2/V/S °- e06 S*® 

MJH- HOLE MOBILITY CM**2A'/S 2. 29506*03 

QBG* BCGO PHOTON rUK DENSITY P/CM**2/S 0.7120E+15 

QS * SG4L PHOTON FLUX DENSITY P/CM**2/S 0. I90OE+14 

TRF* FEEDBACK RESISTOR TEM 3 . K B. 1600E+03 

CF - FDDK RESISTOR CAPACITANCE F 0.3000E-12 

RF * FEEDBACK RESISTANCE 0441 0.4982E+04 

PF ■ FDBK RESISTOR PHASE ANGLE RAD 0. 16656-12 

ZF • f*DBK RESISTOR IIPEDANCE 04M 0,498^+04 

VS • SUPPLY VOLTAGE TO RF/DCT. V 0.S1396*0I 

AO - OPEN LOOP GAIN B. 10806*04 

VP - PREAMP NOISE (INPUT) V/HZ**. 5 0.28O0E-00 

TO • CHOPPING FREOUENCY HZ 0- 440OE+03 

PW ■ DETECTOR BIAS POCR W 0.4382E-03 

PRT* FEEDBACK RESISTOR BIAS PC46R W 0,4382-02 

SIGV • SIGNAL VOLTAGE V 0.5002E-03 

RE ■ BET. RESPONSIVITY V/W 0.47S6E+0S 

AZ • TRANS IMPEDANCE C441 0.S032E+04 

R • DET. /PREATP RESPONSIVITY V/W 0,48046*06 

VBG- BACKGROUND NOISE V/HZ**. 5 0.8212E-00 

VJN* J0441S0N NOISE V/HZ**. 5 0.1451E-07 

VGR- GR NOISE V/HZ**. 5 0, 1 1636-06 

VRF- FDBK RESISTOR JOWSON NOISE V/HZ**.S B. 67B2E -08 
VPA- PREAMP NOISE V/HZ**,S 0.27706-07 

VT - TOTAL NOISE V/HZ**, 5 0. 12096-06 

NEP* N0IS6 EQUIVALENT POLER W/H2**.S 0.2S17E-I2 

DSTAR " PEAK DSTAR CM*HZ**.5/W 0.7917E+11 


F~57 


Table F~5 (CH ll)a 


k kcdte xtectw mrom*KC cmta n 

7V160/-STD 2 V/CH 

pc hgcotc xtector pi ptopuphx CWtfCL 11 

'HS/IW-STD 4 V/CH 

CH • 

0*MCL IUECR 

q, nooc.cz 

CH 

ow*a itretR 

0.1IOOU0Z 

T ■ 

XT. TEM» 

0.75OOCHK 

T 

XT. rcn» 

0.7*4ME<0.’ 

W> • 

XT. HEIGHT CM 

a. laiac-fli 

HO 

XT. XICHT CH 

0. J>/OC OI 

HD ■ 

XT, HJDTH OI 

0.3I90C-OI 

UO 

XT. WIDTH CH 

0.3. 'E-T31 

TD • 

XTECTOR THICKNESS CH 

0.1OOOC-C2 

ID 

XTECTCO THICMCSS CH 

O.IC E-OZ 

VB • 

dctectw Bins vournce v 

0.6300C-01 

VB 

XTCCTCfi BIftS VXTHX V 

o. ie.*c*o0 

CD • 

xtector cnpncnnKC r 

0.1300010 

CO 

xncTCfi append a: r 

Q.15O0C-10 

RD * 

XTECTOR DPfB< RESIST PKC 0.M 

0.7Z15C.O3 

RD 

XTECTCR CW RES15T«<E Off. 

0.7Z1XH33 

ZD • 

XTECTOR IMPCDXCE Ot1 

0.7215003 

ZD 

xtector nr-t cars, ati 

0.7Z1X.03 

PD 1 

XTECTOR B«X Rf«u: RRD 

0.5747E-10 

PD 

XIECTOR PHASE AfOLE RAD 

O.574X-I0 

X * 

mxc ronaiw 

■ 0.203C5C«W 

X 

hxe ranaion 

0.Z035E+OO 

PO • 

tax CONC. H-rrPC DOR.NG CH..-3 

O.DOO0C+13 

PO 

HOLE ca<. H-TVPE lO’IIC CM..-3 

0.ZO3GC.I3 

HD • 

DCNHR CPRRID? core. CM’-3 

0, 10IOC+I6 

HP 

WHFP CARRIER CCTC. CH«»-3 

0.10IX + I6 

HI • 

IHTRITSIC CARRIER GOK. Q1**-3 

0.4433014 

HI 

INTRIfSIC CrtARIDI COS. CH..-3 

0.449X.I4 

TftJ* 

CARRIER LIFETIME S 

a. icnx-as 

TO! 

OWIOT LIfETIi’E S 

0. 1OQ0C-05 

CTfl" 

amrui efficiency 

0.7000000 

CTfi 

GUOHTUI OTICIENCY 

Q.70QQEH30 

NJP* 

peak unvotraj? i/ai 

O.0-Z.5C.O3 

IIP 

PEAK WAVOOIDCR I/CH 

0.074X.03 

EG • 

BAftV CAP DCRCY EV 

0.9O91C-01 

EG 

DAM) GAP DCRGY CV 

0.90D1E-01 

SIGMA - CONDUCTIVITY J/OmH 

0.3351001 

Siam • conductivity i/atvcM 

G.3Z5IE-101 

MU • 

ELECTRON MOBILITY Q1**2/V/S 

0.ZO10O05 

MU - 

CLECTHOH hJBILITY CH..2/V/S 

0.20IGC+O5 

MJH- 

HOLE MOBILITY CM**2/V/S 

O.29Z0O03 

MJH* 

HCtE MOBILITY OV.ZA'/S 

0.Z9Z0EH33 

CM- 

BKGD PHOTON FLUX DENSITY P/01**2/S 

0.2010016 

OBG- 

EKCD PH3T0M aUX DENSITY P/CH*»2/S 

0.Z01K.IG 

OS - 

5CNL PHOTON FLUX DOG I TV P/Q1**2/S 

0.1010015 

OS • 

sat. a«TOH au< xnsity pxch*.z/s 

0.1B1X.15 

TRf * 

FEEDBACK RESISTOR TEMP. K 

0. IGOOCOS 

TFF- 

ICEDDACK RESISTOR TEM 5 . K 

0. 16OOC+03 

cr * 

FDEK RESISTOR CAPACITANCE F 

0.3O0OE-1Z 

CF • 

rDDK RESISTOR CAPACITAHCE T 

0.3W3QE-12 

RF • 

FEEDBACK RESISTANCE OKI 

0.7ZIX+04 

RT -p 

fTXDfmCK RESIST A«E OHI 

0.721X^4 

PF - 

FDBK RESISTOR PWSE ANGLE RAD 

0.I14X-12 

PF • 

rott< xsistor phase amjx rad 

0.U4X-12 

ZF • 

FDBK RESISTOR ZfPEDANCE OKI 

0.7Z1X+04 

ZF * 

FDDK XSISTOR IfPEDAMX CHI 

0.721X.O4 

VS • 

SUPPLY VOLTAGE TO RF/DCT. V 

0.7010000 

vs • 

SUPPLY VOLTAGE TO RF/DET. V 

0, 1404E.01 

AO * 

OPEN LOOP GAIN 

0.100HO04 

AO - 

OPCH LOO 1 GAIN 

0.1000E.04 

VP - 

PREAfP NOISE ( IfPUT) V/KZ**,5 

0.200OC-O0 

VP • 

PREATP N3IX UtPUT) V/HZ**.5 

0.2600E-00 

rc * 

CKPPIK FREQUENCY HZ 

0. 44000.03 

FC * 

choppihs nsajDCY hz 

0.440QE-103 

PW • 

DETECTOR BIAS POWER W 

0.5641E-05 

PW - 

XTECTOR BIAS POD) W 

6.2257E-04 

PRF- 

FEEDBACK RESISTOR BIAS POWER W 

0.S641E-04 

PRF* 

FEEDBACK RESISTOR DIAS PCWER W 

0.2Z57E-03 

SICV 

• SIGNAL VOLTAGE V 

0.3400E-04 

SICV 

• SIGNAL VXTAGE V 

0.3760E-83 

RE 

DET. RESPONSIVITY V/W 

0.S336OO4 

RE 

XT. RESPONSIVITY V/W 

0. 1O67E.05 

AZ - 

TRANSIKEDANCE CHI 

0.7200004 

AZ • 

TRAHSIIPEDAHCE ati 

0.7ZB0C.04 

R • 

D6T. /PREAfP RESPONSIVITY V/W 

0.5390005 

R • 

XT. /PREATP RESPONSIVITY V/W 

0. 107XHC 

V8C- 

BACKGROUND NOISE V/KZ**,5 

a *> 7 <car«/>Q 

vw- 

BHLKGMxrffi NOist. V/H Z*».5 

G.^aSX-w 

VJH- 

JOHNSON NOISE V/KZ**.5 

0. 1746C-07 

VJN- 

ca.eai ioise vhz**.s 

0. 174X-07 

VGR- 

GR NOISE V/MZ**.i> 

0.2Z0IE-O0 

VGR- 

GR f«IX V/HZ...5 

0.5562E-00 

VRF- 

FD&< RESISTOR J0N60N NOISE V/HZ**. 5 

0.0065000 

VRF • 

FDBK RESISTOR JOHSOH HOIX V/HZ»*.5 

0.D06X-O0 

vpa- 

PREAfP NOISE VAC**. 5 

0.2770007 

VPA- 

PREATP NOIX V/HZ...S 

0.2770E--a7 

vr • 

TOTAL NOISE VAC **.5 

0.339SE-07 

VT • 

TOTX rOIX V/HZ...5 

0.3462E’t»7 

rep- 

NOISE EQUIVALENT POUER WAG**. 5 

0,62900-12 

m:p- 

l«I X EOUIVAUENT POXR W/HZ...5 

0.3211E-12 

D5TAR • PERK DSTAR OWZM.5/W 

0, 3307E.1 1 

DSTAR 

* PCf* KTfP OHHZ...5/W 

0.640X.1I 

PC KCDTE DETECTOR PCRFORrmX CWHCL 11 

75/IGO/STD 6 V/CH 

PC HXDTZ XTCCTCW fWORHRfCE O-m CL 1 1 

75/160/STD 0 V/CH 


CH 

CHHffCL fUlfJER 

Q.iIOOC*G2 

CH * 

CHt»»€L HHDCR 


0,11 00E *02 

T 

DCT. TOP 

0, 7S(30C*02 

T • 

xt. tom 


o,7sax;*02 

HD 

DCT. KIGHT CM 

0.I36GC-01 

HD • 

XT. HEIGHT OI 


0, 136GE-01 

MO 

DCT. WIDTH CM 

0.319GC-«i 

WD - 

XT. WIDTH CH 


0.3190C-01 

TD 

DETECTOR THICWCSS CM 

0.1EJOOE-«2 

TD * 

XTECTCR THICKJCSS CH 


0.1000E-02 

VB 

DETECTOR BIAS VOLTAGE V 

O.I914E+O0 

VB • 

XTECTOR Bins VOLTlWE V 


0.255 2E+00 

CD 

DETECTOR CAPACITANCE F 

0, 15GOC-10 

CD • 

XTECTOR CPPPCUPKZ F 


0.50O0C-10 

RD 

DETECTOR DARK RESISTANCE CHI 

0,72I5E*03 

RD * 

XTECTOR DARK RESISTffCE 

(Hi 

0/72156*03 

ZD 

DETECTOR IfPCDANCE 0H1 

0.7215E+03 

ZD - 

xtcctor rrpcmix ati 


0. 7H15E*03 

PD 

DETECTOR PHASE AKLE RAD 

0.5747E-10 

PD « 

XTECTOR PHRX a«L£ RAD 


0.1916E-09 

X 

MOLE FRACTION 

0.2035E*0O 

X • 

MOLE FRPCTIOH 


0.2035E+00 

PO 

HOLE CCNC. N-nPE DOPING CM** -3 

0.20C3Oe*l3 

PO • 

HXE CO HE. H-TYFE D0PIN3 

CM**-3 

0, 2000E*13 

ND 

DOf«R CARRIER CONC. CM**-3 

O.1OI0E+16 

f<0 • 

DamR CPRRIEJT CONE. CM..- 

3 

0, 1010E+16 

MI 

INTRINSIC CARRIER CONC. CM** -3 

0.4493E*,\4 

HI * 

IITTRU6IC CARRIER CONC. CH..-3 

0,4493E*U 

TAJ 

CARRIER LIFETIME S 

0. 100QE-O5 

TAU- 

CARRIER LIFETIME S 


0,i00ee-05 

ETA 

CUAfTTUM EFFICIENCY 

0.7000000 

CTA- 

QUANTA EFFICIENCY 


0.70O0E*00 

N-P 

PEAK WAVENLMBER 1/CM 

0.8745E+03 

NP- 

PEAK WTVtNUKBER 1/CM 


0,B745E*03 

EG 

BAND GAP ETCRGY EV 

0,9091E*H01 

EG • 

BAND GAP ETCRCY EV 


G.9091E-0I 

SIGMA - CONDUCTIVITY l/OWVCM 

0.3251E+01 

SIGMA - CONDUCTIVITY 1/CHVCM 


0.3251E*01 

MU • 

ELECTRON MOBILITY CM**2/V/S 

0.201CE+0S 

MJ • 

ELECTRON rWBILITY CH*»2/V/S 

0.2010E+05 

MUH- 

HOLE MOBIL I Tl CM**2/V/S 

0.2920E+03 

MUH- 

HOLE MOBILITY 0**Z/V/S 


0.292CE*03 

QDG- 

BKGD PHOTON FLUX DENSITY P/CM* *2 /S 

0.2810E+16 

QBG- 

BKGD PHDTai FUJK DENSITY 

P/Ot**2/S 

0.2810C+16 

OS • 

SGfi. PHOTON FLUX DENSITY P/CM**2/S 

0. 1B10C+I5 

QS * 

SOL PHOTON FLUX DENSITY 

P/CM* *2 /S 

0.1810E+15 

TRF ■ 

FEEDBACK RESISTOR TEM 3 . K 

0. I6OOC+03 

TR1 * 

FEEDBACK RESISTOR TETP. . 


0. 16O0E+03 

CF - 

FDBK RESISTOR CAPACITANCE F 

0.3OOOE-12 

Cl • 

FDBK XSISTOfi CnPfCITRNCE 

F 

0, 3000E-12 

RF • 

FEEDBACK RESISTANCE 0H1 

0.7215€*04 

Rl • 

FEEDDRCK XSISlPNCC 0H1 


0.7215E*04 

pr - 

FDBK RESISTOR PHASE Af*GLE RAD 

0.1149E«12 

PI - 

FDBK RESISTOR PHRX ANGLE 

RAD 

0. 1149E-12 

ZF - 

FDBK RESISTOR IMPEDANCE CHI 

0.7215E+04 

Z1 • 

FDBK RESISTOR IfPEDANCE OHM 

0.7215E+04 

vs - 

SUPPLY VOLTAGE TO RFVDCT , V 

0.2105E+01 

VS • 

SUPPLY VOLTAGE TO fll/DET. 

V 

0.2907E*0i 

AO • 

OPEN LOOP GAIN 

0.1000E404 

AO • 

OPEN LOOP GAIN 


0. 1000E+04 

VP • 

PREW NOISE (INPUT) V/HZ**,5 

0, 2B00E-00 

VP * 

PREPHP N3IX ilN=UT) V/KZ**.S 

0,2900E-00 

FC • 

CHOPPING FREQUENCY KZ 

0.44G0E+03 

FC - 

OOPPIK FREQUENCY KZ 


0,4^30E*03 

PW - 

DETECTOR BIAS POWER W 

0.5077C-04 

PW • 

DETECTOR BIAS POWER W 


0.9026E-04 

PRF- 

FEEDBACK RESISTOR BIAS POWER W 

0.5077E-03 

PRl- 

FEEDBRCK RESISTOR BIOS PCLCR U 

0.9G26E-03 

SIGV 

• SIGNAL VOLTAGE V 

0.B46GE-03 

SIGV 

* SI cm. VOLTAGE V 


0. 15G4E-C2 

RE 

OCT. RESPONSIVITY V/W 

0, 1601E+05 

RE 

DET. RESPONSIVITY V/W 


0.2134E+0S 

AZ - 

TRANSIfPEDANCE CHI 

0.729BC+04 

AZ • 

TRAK IfPEDANCE 0H1 . 


0, 72QGE+04 

R - 

DCT. /PREATP RESPONSIVITY V/W 

0.1617E406 

R • 

DCT. /PREATP RESPONSIVITY 

V/W 

0,21566*06 

VBG- 

BACKGROUND NOISE V/HZ**.5 

0.B274E-08 

VBG- 

BnCKGROLM) NOIX V/HZ«.5 

0.11036-07 

VJN- 

JOHNSON NOISE V/HZ**.5 

0. 1746 E-07 

VJH- 

JCHGON NOISE V/HZ«*.5 


0, 17466-07 

VGR- 

GR NOISE V/HZ**.5 

0.B343E-00 

VGR- 

GR KISE V/KZ**.5 


0.11 12E-07 

VRF- 

FDBK RESISTOR JCH6CN NOISE V/MZ**.5 

0, 0065C-08 

VW- 

FDBK RESISTOR NOISE V/KZ**.5 

0. 00656-06 

*»PA- 

PREATP NOISE V/HZ**.5 

0. 27706-07 

VPA- 

PREAfP KISE V/HZ**.5 


0.27706-07 

VT • 

TOTAL NOISE V/HZ**.5 

0.3571E-07 

VT - 

TOTAL KISE V/HZ**.5 


0. 37166-07 

NEP« 

NOISE EQUIVALENT POWER W/HZ**,5 

0.22O0E-12 

HEP- 

NDIX EOJIVPLENT POLES LLM1Z...5 

0. 17256-12 

DSTfiR • PEAK DSTFR CM*HZ**.S/W 

0.6M32C+11 

DSTflR • PEflK DSTFR Q>HZ.».S/U 

0.12006*12 
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Table F-5 (CH ll)b 0F POOR QUALITY 

K MKDfC KTECTCR WdWIlI CHHCL II 7S/I60/STO IB V EM PC WCOTC ftTECTCR W0PWNCE OWflCL U 75/160-510 12 V/CM 


CH . OH* EL HilOH 

I • DCT. TOP 

W) • DCT. WIGHT CM 

HD • DCT. WIDTH CM 

TD • DCTCCTCR THICWCSS CM 

ys . cctectcr bws voltage v 

CD « DCTCCTCR CAPACJTAWE F 

Rp • DCTCCTCR DARK RESISTANCE CHI 

ZD • DETECTOR IFPE U*CC CHI 

PD * DCTCCTCR PHASE ANCLE RAO 

X * MCCC FRACTION 

po * wax cac . n-typc doping cm*. . 3 
f® • dcfpr carrier ca<. ai**-3 

NI • IFTOIFSIC CARRIER CONC. CM*»-3 
TPU- CARRIER LIFTTIFt* S 
CTfl. 0LFNTV1 CTT'ICIUCY 
RP* PEAK W.OLnDCR |/01 
CC • aqfffl CAP EJCRGY CV 

sicw • cofcuctivity i/ohvch 
mj * electron nobility cn — z .' v/s 

TUI- wax WBILITY CM ** 2 /V/S 

OBC* B<CD PHOTON FUft DENSITY PCH*»2/S 

OS * sot. PHOTON FUN tOSITY P/CH**2/S 


0. 1 1000*02 
0.7ic«e*« 
B.1360C-0I 
0.319OC-01 

o.ioooc-ee 

0.3190C03 

0.15OOC-10 

0.7215003 

0.72l-5C*03 

0.5747E-10 

0. 2035000 
0.2TA0C*13 
0.1010016 
0.4493C+14 

0 . 1000 c -or 

Q.7OO0C*O0 
0 B745t*03 
0.9091E-01 
B. 3231001 
0.2010005 
O.2920C*03 
O.2O10C+16 
0.1B10E+1S 


TRT- FEEDBACK RESISTCR TEW. K 

a; * TDtH RESISTOR CARACITANX r 

RT * FEEDBACK RESISWNCE OHI 

PT • FDEK RESISTOR A**(St ANGLE RAID 

ZP • FDEK RESISTOR IFPCDAFCC CHI 

VS • SPH.Y VOLTAGE TO RF/DCT, V 

FO - OPEN LOOP GRIM 

VP • PREAFP NOISE UFPUT) V/HZ«*.5 

FC • CWPPIW FRE OUCFFCY KZ 

PW * DETECTOR BIAS POO? w 

PRF- FEEDBACK RESISTOR 8IA5 POWER W 

SIGV • SIGNAL VOLTASE V 

RE • DCT, RCSPCNSIVITY V/W 


0. 1 coot' *03 

0.30OOC-I2 

0.72ISO04 

0.1149C-12 

0.7213C+04 

o.sseocioi 

0. 1000C 404 
0.2OOOC-O0 
0,44000*03 
0.1410E-03 
O.141OE-02 
0.2350C-02 
B.266OC*05 


«z • TRfr6Upamr<r ohi 

R • DCT./PRCAFP RCSP0F61VITY V/W 

VBC* BACKGROUND F«ISE V/H2**.S 

VJN" JCHGON NOISE V/HZ««,5 

VSR" GR (*OISC V/HZ**,5 

VW- FDDK RESISTOR JCHGON NOISE V/HZ»*.e 

VTA). PREAFP NOISE V/HZ** , 5 

VT * TOTAL fOISE V/HZ...5 

TCP- NOISE EQUIVALENT Pd-CR W/HZ*».S 

D IFW ■ PEAK DSTAR CM.HZ... 5 /W 


0,?700E*04 
O.269SE*06 
0.1379C-07 
0. 174GC-07 
0.1390E-0F 
0.0O65E-0Q 
0.277OE-07 
0.3899E-07 
0.1447C-12 
0. U40C+12 


CH • OWCL MUhBOT 
T * DCT. TEW* 

HD * DCT, FCICKI 01 
UO » OCT. WIDTH CM 
TD * DETECTOR THICWCSS CM 
VS • DETECTOR BIAS VOL TAGE V 
CD * DETECTOR CAPACITANCE F 
m> • DCTCCTCR DARK RESISTANCE 
ZD ■ DCTCCTCR IFPCDAFGE OHI 
PP • DCTCCTCR PHASE ANGLE RAD 


0M1 


0.II0CC*02 
Q. 7500C *02 
B.I360C-01 
0. 3193C-01 
0.1OO0E-02 
0, 3R20C+OO 
0. IWHC-IB 
0.72ISC*03 
0.7215C*O3 
0.5747E-10 


n - im* rwLiign 

PO • HOLE cac, Tt-TYPC DOPING CM..-3 

HO • DONAR CFRR1ER CONC, 01**-3 

HI * INTRINSIC CPRRIW Ca<, CM**-3 

TAU* CARRIER LirCTIrt S 

ETA* CUTNTU1 ErriCIDEV 

TU». PEAK MMJtMBOR 1/CM 

EG ■ BAT® CAP OCRGY EV 

SIGMA > COf«CriVITY 1/CHVCM 

HJ ■ ELECTRON MOBILITY CM**2/V/S 

TUT- HOLE MOOILITV CM*»2/V/S 

OBG* BKCD PHOTON FLUX DENSITY P/CM**2/S 

OS • SCN. PHOTON FUK DENSITY P/CM..2/S 


0,2O3SC*00 
0.20000*13 
O.1010C* IS 
0,4493C*I4 
0. 10OQL 05 
0.700 OC*00 
0,07450*03 
0.903IE-O1 
0.3251E+0I 
O.2O1EE*05 
0.292OG*03 
0.2S10E*1S 
0, 18I0C*15 


TRT. FEEDBACK RESISTOR TOP. K 
CT • FDB< RESISTOR CAPACITANCE r 
RT • FEEDBACK RESISTANCE OHI 
FT • FDBK RESISTOR FNASE AKLE RAD 
ZF * FDBK RESISTOR ITPEDANCE CHI 
VS • SUPPLY VOLTAGE TO RF/DET, V 
K ■ OPEN LOOP GAIN 
VP • PREATP NOISE T If PUT) V/HZM.5 
■FC * CHOPPING FREOLENCY K2 
PM * DCIECTCW DIAS POWER W 
PRF* FEEDBACK RESISTOR DIAS POWOR W 
SIGV ■ SIO«L VOLTAGE V 
RE • DCT. RESPONSIVITY V/W 


0. !6O3E*03 
0.3OOOE-12 
O.7215C+04 
0.114SC-12 
0.7215E*01 
0,42110*01 
0. 1 CODE *04 
0.2SO0E-00 
0.440OC*03 
0. 2031E-C3 
0.2O31E-02 
0.33040-02 
0.3202E+05 


A Z * TRAfwImJDAHE urti 

R « DCT./PREATP RESPONSIVITY V/W 

VBG» BACKGROUND NOISE V/HZ**,5 

VJN. OWHSON MOISC V/HZ*».S 

VCR* GR NOISE V/KZ**,5 

VRF* FDBK RESISTOR J0HSON NOISE V/H2...5 

VPA* PREATP NOISE V.HZ...S 

VT " TOTAL WISE V/WZM.5 

icp. noise equivalent poles w^e*..5 

DSTAR ■ PEAK DSTAR Ol*K2»*.5/W 


0,7290E*04 
0.3234C+06 
0.I65SE-07 
0, 174GE-07 
0.I669E-07 
0.BO6SE-00 
0.277OE-07 
0.4110C-07 
0.1271E-I2 
0.1639E412 


PC HICDTC DETECTOR PERTORMAfCE CHAHCL 


75/160/STD 14 V/CM 


pc hccote oercaoR fefformance channel 11 7 S/i 60 /std ig v/cm 


CH " OAfCL NUMBER 

T • Da. TOP 

HD • DCT, (EIGHT CM 

WD • DCT. WIDTH CM 

TD • DEVECTOR THICKNESS CM 

VB . DETECTOR BIBS VOLTAGE V 

CD • DETECTOR CAPACITANCE F 

RD • DETECTOR DARK RESISTANCE OHI 

ZD • DETECTOR I (PE DANCE OHI 

PD ■ DETECTOR PHASE ANGLE RAD 


X • MOLE FRACTION 

PO * HOLE CONC. N-TYPE DOPING CM..-3 

ND • DONOR CARRIER COtC, CM*»-3 

NI • INTRI1SIC CARRIER CONC. CJ1*«-3 

TAU- CARRIER UFrTIIC S 

ETA- 0U0NTU1 EFFICIENCY 

FtP" PEAK WWEMI-fflER I/CM 

EG - DAT® GAP ENERGY EV 

SIGW « CONDUCTIVITY 1/OttVCM 

Ft) * EIECTRCN NOBILITY CF1«*2/V/S 

FLU- HOLE NOBILITY CFM2/V/S 

OBG- B<GS PHOTON AUi/ CENSITY P/CM**2, 

OS • SCN,. PHOTON FUIX CENSITY P/CM**2/ 


0. 1 !0OC*O2 
0.7SOOE*02 
0.1360CH3I 
0.3I9OC-01 
0. 1OO0C -02 
0.4466E*O0 
O.150GE-10 
0.72ISE*03 
0.7215E*03 
0.5747E-10 


CH ■ CHAHCL NUFfflER 

T • Da. TEFP 

HD • Da. (EIGHT CM 

WD • DCT. WIDTH CM 

TD . DGTEaOR THICWCSS CM 

VB • DOEaOR BIAS VOLTAGE V 

CD . DCTCCTCR CAPACITANCE F 

RD . DCTEaOR DARK RESISTANCE 0*1 

ZD • DGTEaOR IFPEDANCE OHM 

PD • DETECTOR PHASE ANGLE RAD 


0.203SE+00 

0.2OO0C+I3 

0.101OCH6 

0.4493E+I4 

0.10O0C-05 

0.7000C+0O 

O.B74SE+03 

0.9891E-01 

0.32S1E*01 

0,20I0E*05 

0.2S29C+03 

0.2010E*16 

o. leioe+is 


X . MCLE FRACTION 

PO • HOLE CONC. N-TYPE DOPING CM**-3 

ND > DONOR CARRIER CONC, CM**-3 

NI . INTRINSIC CARRIER CONC. CM**-3 

TAU" CARRIER UrCTIFC S 

CTA" QUANTUM EFFICIENCY 

HUP* PEAK OMO EMBER I/CM 

EG ■ BAND GAP EJCRGY EV 

SIGMA * CONDUCTIVITY 1/OHVCM 

IU • ELECTRON MOBILITY CM**2/V/S 

FTJH- HOLE NOBILITY CM**2/V/S 

OBG- B<GD PHOTON FLUX DENSITY P/CM**2/S 

OS > SGFt PHOTON FUI* DENSITY P/Q1*^/S 


TRF. FEEDBACK RESISTOR TEFP. K 

CF • FDBK RESISTOR CAPACITANCE F 

RF > FEEDBACK RESISTANCE OHI 

PF - FDBK RESISTOR PHASE AFFILE RAD 

ZF . FDBK RESISTOR I(PEDF«£ OHI 

VS • SUPPLY VOLTAGE TO RF/DCT. V 

AO > OPEN LOOP GAIN 

VP ■ PREAFP NOISE (INPUT) V/HZw.5 

FC • CHOPPING FREOLENCY KZ 

PW ■ DETECTOR BIAS PCLCR W 

PRF. FEEDBACK RESISTOR BIAS POLCR W 

SIGV • SIGNAL VOLTAGE V 

RE • DCT. RESPONSIVITY V/W 


0.I6O0E*03 
0.3OOOC-1Z 
0.7215E*04 
0.1149E-12 
0.7215E*®* 
0. 4913E+01 
0.10O0E+04 
0.2800E-00 
0.44O0E103 
0.2764E-03 
0.2764E-02 
0.4606E-B2 
0. 3735C+0S 


TRF" FEEBBACK RESISTOR TEFP. K 

CT • FDBK RESISTOR CAPACITANCE F 

RF • FEEDBACK RESISTANCE OHI 

PF * FDBK RESISTOR PHASE A*CL£ RAID 

ZF ■ FDBK RESISTOR IFPEDANCE OHI 

VS • SUPPLY VOLTAGE TO RF/DCT. V 

AO « OPEN LOOP GAIN 

VP • PREAMP NOISE (INPUT) V/H2H.5 

FC * CHOPPING FREQUENCY HZ 

PW - DETECTOR BIBS POWER W 

PRF- FEEDBACK RESISTOR BIAS POLER W 

SIGV ■ SIGNAL VOLTAGE V 

RE - DCT. RESPONSIVITY V/W 


0,11000*02 
0,7S0OC*O2 
0. 1360C-01 
0.3190E-01 
0. 1000E-02 
0,5104E*OO 
0.15O0C-10 
0.7215E+03 
0.7215CHS3 
O.5747C-10 

0,2035C*00 
0,20O0C*I3 
0.1010E*I6 
0.4493014 
0, 1OOLE-05 
0,7000E*00 
0.B74SEHS3 
0.9091E-01 
0.32S1EHU 
0. 201 BE *05 
0.2923003 
0,2010E*16 
0. 1B10E*15 

0, 1C0OE+03 
0.3000E-12 
0,7215E*04 
0, U49E-12 
0.7215004 
0.5614E+0I 
0,10OOE*04 
0.2800E-00 
0.4400003 
0.3611E-03 
0.3611E-02 
0.6016C-02 
0.4269E+05 


AZ • TRAreiFPEDAFCE OHM 

R • DCT. /PREAFP RESPONSIVITY V/W 

VBG- DACKGROU® NOISE V/KZ«*.5 

VJN" JCH1S0N WISE V/HZ**.5 

VGR" OR WISE V/HZ«.S 

VRF- FDB< RESISTOR JOAMSON WISE V/HZM.5 

VPA- PREAFP WISE V/HZM.5 

VT ■ TOTAL WISE V/WZM.5 

F€P- WISE EQUIVALENT POLO? WW(Z'>*,S 

DSTAR • PEAK DSTAR CM*HZ**,5/W 


0,7200004 
0.3773E+06 
0.193IE-07 
0. 1746E-07 
0.1947E-07 
0.B065E-00 
0.2770C-07 
0.4346E-07 
0.I152E-I2 
e.ieoeE+iE 


AZ • TRANSIFPEDAME OHI 

R ■ DCT. /PREAFP SESPC*elVITY V/W 

VBG" BACKGROUF® WISE V/HZ»*,S 

VJN" JCHGON WISE V/HZ»*.5 

VCR* GR WISE V/HZ«»,5 

VRF- FDBK RESISTOR JOHGON WISE V/HZ«*,5 

VPA- PREAFP WISE V/HZ»».S 

VT - TOTAL WISE V/HZ*»,5 

FCP* WISE EQUIVALENT POtER W/HZ**.S 

DSTAR • PEAK DSTAR 0M*HZ**.5/W 


0,7208004 
0.4312006 
0 . 22 O 6 E -07 
0 . 1746 E -07 
0 . 222 SE -07 
0 .B 065 E -00 
0 . 2770 E -07 
0 . 4603 E -07 
0 . 1060 E -12 
0 . 19516*12 
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F-6, Detector performance as a function of 
detector and case temperature for a 
selected set of AMTS channels 
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Tnble F-6 (CH 1) 

PC HCCDTE DCTECTOR PERFORMANCE CHAftCL 1 75/160/STD B V/CM PC XCftfli; KTECTOR PCRrORffCE CHAftCL 1 


CH 

T 

HO 

U> 

TV 

VB 

CD 

RD 

ZD 

PD 

X 

PO 

X 

HI 

TAU 1 

ETA 

NJP 

EG 

SI 

MU 

M-H 

OBG 

OS 


TAP 

cr 

RF 

PF 

2F 

VS 

'xj 

VP 

re 

PH 

PRF 

SIGV 

RE 

AZ • 


CMA 


OPVf-CL NJMBCR 
XT, TOP 
DCT, MEIGKT CM 
XT, WIDTH CM 
DETECTOR 1HIOM3S CM 
DETECTOR BIAS VOLTAGE V 
DETECTOR CAPACITANCE F 
DETECTOR DAW RESISTANCE CHI 
DETECTOR IfPEDANCE OPN 
DETECTOR PHASE AN2JE RAD 

MOLE FRACTION 

HOLE CCHC, N-TYPE DOPING CHw-3 
DCfPR CARRIER CONC, CH*»-3 
INTRINSIC CARRIER CONC, OT»-3 
CARRIER LIFTTIfC S 
OUANTUM EFFICIENCY 
PEAK HAVOCMBER 1/01 
BAND CAP QCHGY EV 

CONDUCTIVITY 1/OHVCM 
ELECTRON MOBILITY OPW2/V/S 
HOLE MOBILITY CfW-Z/V/S 
BKGD PHOTOM FLUX XNSITY P/Cm«2/S 
9GN. PHOTON FLUX DENSITY P/Cm»2/S 

FEEDBACK RESISTOR TEfP, K 
FDBK RESISTOR CAPACITANCE F 
FEEDBACK RESIST ANX 0H1 
FDBK RESISTOR PHASE ANGUE RAD 
FDBK RESISTOR IfPEDANCE OKI 
SUPPLY VOLTAGE TO RE /XT. V 
OPEN LOOP GAIN 

PREAMP NOISE (ITPUT) V/HZ**,5 
CHOPPING FREQUENCY HZ 
DETECTOR BIAS POWER W 
FEEDBACK RESISTOR BIAS POPER W 
- SIGNAL VOLTAGE V 
■ DCT. AESAONSIVITY V/W 


TRANSIfPEDANCE CHI 
DCT./EREAfP RESPCNSIVITY V/W 
BACKGROUND NOISE V/HZ**.5 
JOPNSON NOISE V/KZ**.5 
GR XIX V/HZ**.S 
VRF- FDBK RESISTOR JOPNSON NOISE V/HZM.5 
VPR- PREAfP XIX V/KZ*».S 
VT ■ TOTAL XIX V/HZ»,5 
NEP- NOIX EQUIVALENT POWER W/HZ**.5 
DSTRR • PEAK DSTAR QWHZM.5/U 


VBG- 

L'JN- 

VGR- 


e. i000e««i 
B.7S00CHK 
0.1360C-B1 
0. S990E-01 
0,10O0E-«Z 
0.1S9ZC400 
0.15B0E-W 
0.3395EP03 
0.3396CP83 
B.1221E-OT 

e.iBsa: ««a 
0.1000C+15 
e.oosEPiG 
0.3S12E+1S 
0, 1000C-0S 
0.7000CP00 
0.easBEH>3 
0.G047E-01 
0.4310EP01 
0,Z06eE406 
0.29S0EP03 
0.1340CP16 
0.5300E+14 

0.1GSME403 

0.3OJ0OC-1Z 

0.333X+04 

0.2443C-12 

0.3395E+04 

0.175IE+01 

0,1000C«04 

0.2«WE-0Q 

0.4400C403 

0.7465E-04 

0.7<65E~03 

0.348SE-03 

0.2378EP05 

0.342x304 
0.2402EP06 
0.4650E-0B 
0, 119BC-07 
0.4802E-07 
0.5532E-00 
0.27 70E-07 
0.S/17E-07 
0,2300E“I2 
0.691ZEPU 


CH 

T 

HD 

H> 

TD 

VB 

CD 

RD 

ZD 

PD 

K 

PO 

ND 

NI 

.... I 

ETA 

NUP 

EG 

sia 

HJ 

MUM' 

OBG 

OS 


CHTTNEL TtNBER 
XT, TOP 
XT, HEIOTT CM 
DCT, WIDTH CM 
DETECTOR TH I CHESS CM 
DETECTOR BIAS VOLTAGE V 
XTECTOR CAPACITANCE F 
OCTECrCR DARK RESIST fV-CE 0H1 
XTECTOR IFPEDANCE CPN 
XTECTCR PHASE ANGLE RAD 

MCLE FRACTION 

HOLE COX. RETYPE DOPIX CH«*-3 
DCNfR CARRIER COX. CM**-3 
INTRINSIC CARRIER COX. U1H-3 
CARRIER LIFETIX S 
OUAHTIN EFFICIENCY 
PEAK UTVOU-EER 1/CM 
BAX CAP OCRGY EV 
1 . CCfW'CTlVITY 1/OHVCM 
ELECTRON XBIL’.TY CH«*Z/V/S 
HOLE XBILITY CM**2/V/S 
BKGB PHOTON OIL' DENSITY P/CM* *2 /S 
SGX PHOTCN FLUX DENSITY P/CM*«2/S 

TRF- FEEDBACK RESISTOR TOP, K 

CF • FDBK RESISTOR CAPACITANCE F 

RT - FEEDBACK RESI5TAXE OEM 

PF • FDBK RESISTOR PHASE ANGLE RAD 

2 F • FDB< RESISTOR IfPEDANCE CHI 

VS * SUPPLY VOLTAGE TO RF/DCT. V 

AO ■ OPEN LOOP GAIN 

VP - PREAfP XIX (ITPUT) V/HZ«* . 5 

rC • CHOPPIX FREQUENCY HZ 

PM • DCTECTOR BIAS POKR W 

PAT- FEEDBACK RE5IST0R BIAS POPER W 

SIGV • SIGHT, VOLTAGE V 

RE ■ DCT. RESPONSIVITY V/W 

AZ • TRANSIfPEDAXE (HI 

R - DCT. /PREAfP RESPOfGIVITY V/W 

VBG- BXKGROU® XIX V/HZ**.S 

VJN- JOPNSON XIX V/HZ**.S 

VGR- GR XIX V/HZ**.5 _ , „ _ 

VRF- FDDX RESISTOR JOPNSON XISE V/HZ**.S 

VPA- PREAfP XIX V/HZ**.5 

VT • TOTAL XIX V/HZw.5 

f€P- XIX EQUIVALENT POPCR W/KZ**.5 

DSTAR - PEAK D5TAR Ot*P(Z**.5/W 


X HGCDTE XTECTCR PCRFCRMANCE CHAXCL 1 00/ 160/STD B V/CM 


PC HGCDTE XTECTOR PERFORMANCE CHAN CL 1 


CK 

T 

X 

WD 

TD 

VB 

CD 

RD 

TD 

PD 


CHAftCL ('USER 
DCT. TOP 
DCT. XIGPfT CM 
XT. WIDIH CM 
XTECTOR THIOQCSS CM 
XTECTCR BIAS VOLTAGE V 
DCTECTOR CAPACITANCE F 
XTECTOR DARK RESISTANCE OIN 
XTECTCR IIPEDAXE OPN 
XTECTOR PHASE AXLE RAD 


0, 1HOOEP01 
0.B0OQEP02 
0.1360C-0I 
0.1990E-01 
0.1000C-02 
0. 1592EP00 
0. 1500C-10 
0, I7S»EP«3 
0.1754E+03 
0.2364E-09 


K ■ MOLE FRACTION 

PO - HOLE CCNC. M-TYPE DCPIX 01*»-3 

fffl - DOHAR CARRIER COX, 01*1-3 

NI - INTRINSIC CARRIER CCNC, CM»»-3 

TAU- CARRIER LIFETIX S 

ETA- OUANTUM EFFICIENCY 

NLP- PEAK StMXMBEW 1/CM 

EG - BAND GAP OERGY EV 

SIGMA - CONDUCTIVITY l/T.tl/CM 

MU - ELECTRON XBILITY CM**2/V/S 

(IX- HOLE XBILITY Crt«2/V/S 

OX* BKGD PXTCN FLLK DENSITY P/Crt**2/S 

OS • SGPL PXTCN FLUX DENSITY' P/CM*»2/S 


0, 1B30E+00 
0. 1080EP1S 
0.2SZ6EP16 
0.5O26E+IS 
0. 1000E-0S 
0.70OCEP0O 
0.6068EP03 
0.7009C-01 
0.8341EP01 
0.2860EP05 
0.29S0E+B3 
0. J700C+16 
0.5300E-H4 


TRF- 
CT ■ 
RF - 
PF ■ 
ZF • 
VS • 
AO • 
VP ■ 
FC - 
PW ■ 
PRF- 
SIGV 
RE ■ 


FEEDBACK RESISTOR TOP. K 
FDBK RESISTOR CAPACITANCE F 
FEEDBAG' RESISTANCE OPN 
FDBK RESISTOR PHASE ANCLE RAD 
FDEK RESISTOR IfPEDANCE CHI 
SLPFLY VOLT AX TO RF/DET. V 
OPEN LOOP GRIN 

PREAfP XIX (IfPUT) V/HZ«.S 
CHOPPIX FREQUENCY HZ 
DETECTOR BIAS POLER W 
FEEDBACK RESISTCR BIAS POPXR W 
• SIGNAL VOLTAX V 
■ DET, RESPCNSIVITY V/W 


0, 1600E403 
0.3O00E-12 
0.17S4EP04 
0,-172aE-lZ 
8, 1754E+04 
0. 17S1EP01 
0. 1000EP04 
0.2B00E-0B 
0.4400EP03 
0, 1445E-03 
0. 144X-02 
0.1903E-03 
0. 122SE+05 


AZ “ TRANSIfPEDAXE HI 

R - DET. /PREAfP RESPONSIVITY V/W 

VBG- BACKGROND XIX V/HZ**.5 

VJN- JOPNSON XSX V/HZ*»,5 

VGR- GR XIX V/HZ**.S 

VRF- FDBK RESISTOR JOPNSON XIX V/HZ**.S 

VPA- PREAfP XIX V/KZ«».S 

VT « TOTAL XIX V/HZw.S 

f€P- XIX EQUIVALENT POPCR U/HZM.5 

DSTAR ■ PEAK DSTAR CM»HZ*«.5/W 


0.1772CP0P 
0. 1241E+0L 
0.2707E-00 
0,B093E-08 
0.24C1E-07 
0.3977E-00 
0.2770E-07 
0.38SX-07 
0.310X-12 
0.S299E+U 


CH ■ CHAftCL NLMBER 

T • KT. TEfP 

X • KT. HEIGHT CM 

X • KT. WIDTH CM 

TD • KTECTOR THICKNESS CM 

VB • DETECTOR BIAS VOLTAX V 

CD • KTECTOR CAPACITANCE F 

RD • DETECTOR DAW RESISTANCE OPN 

ZD - KTECTOR IIPCDANCE OPN 

PD ■ KTECTOR PHASE ANCLE RAD 

X ■ XLE FRACTION 

PO - HOLE CONC. N-TYPE DOPIX CM**-3 

NO - DONAR CARRIER COX. CM»*-3 

NI • INTRIXIC CARRIER COX. CM»*-3 

TX- CARRIER LIFCTIrt: S 

ETA- 0UANTU1 EFFICIENCY 

PUP- PEAK HRVENLNBER 1/01 

EG - BAND GAP EfCRGY EV 

SIGMA - CONDUCTIVITY t/OPN/CM 

X - ELECTRON XBILITY CM**2/V/S 

NX- HOLE XBILITY CM**2/V/S 

OBG- BKGD PHOTON FUJI DENSITY P/CM—2/S 

OS • SO ). PXTCN FLLK DENSITY P/CM**Z/S 

TRF- FEEI.'KnK RESISTOR TEfP. K 

CF ■ FDBK RESISTOR CAPACITANCE F 

RF ■ FEEDBACK RESISTANCE OPN 

PF ■ FDBK RESISTCR PHAX AXLE RAD 

ZF • FDBK RESISTOR IfPEDANCE OPN 

VS • SUPPLY VOLTAX TO RF/BET, V 

X - OPEN LOOP GAIN 

VP - PREAfP XIX (IfPUT) V/HZ«*.5 

TO • CHOPPIX FREQUENCY HZ 

PM - DCTECTOR BIAS POKR W 

PRF - FEEDBACK RESISTCR BIAo POPER W 

SIGV - SIGNAL VOLTAX V 

RE • DET. RESPONSIVITY V/W 

AZ • 'TRANSIfFEDANCE OPN 
R - DET. /PREAfP RESPONSIVITY V/W 
VBG- BACKGROLND XIX V/HZ**.S 

vjn- joiteoH xix v/hz«».s 

VGR- GR XIX V/KZW.5 

VW- FOB< RESISTOR JOPNSON XIX V/KZ**. 

VPA- PREAfP XIX V/HZ«*.5 

VT ■ TOTAL XIX V/HZ**.S 

(CP- XIX EQUIVALENT POLER W/HZ**.S 

DSTAR - PEAK DSTAR 01*HZ*».5/U 


7S/1B0/STD B V/CM 


0. 100GC+O1 
0.750KPO2 
0.I36K-01 
0. 139QC-01 
0.1O0X-0Z 
0.I592EP0O 
0.IS00C-10 
0.3395EP03 
0.339SE+03 
0, 1Z21E-GS 

o.ieaxto) 

0.100CEP1S 
0.130X+16 
0.361ZEP1S 
0, 10OOE-05 
0,7O0K«00 
0.606SE-03 
0.6847E-01 
e.4310E*01 
S.206KPC5 
0.295KP03 
0.Z100E+16 
O.530K+14 

0,iBO0£p03 

0.3000E-12 

0.339SE+04 

0.2443E-1Z 

0.339XP04 

0.17SIEP01 

0.1000EP04 

0,2a00E-0S 

0.4400E+03 

0.746X-04 

0.746X-03 

0.34B0E-03 

0.237KP0S 

S.34ZXtS4 
0.2402EP06 
0.5931E-06 
0.U9K-C7 
0, 4002E-07 
0.5A6X-00 
B.277BE-07 
0.5732E-07 
0.230X-1Z 
0,6e94EMt 


B0/1B0-^TD B V/CM 


0. 1B00EP81 
0.B000EP02 
0.1360E-01 
0, ISSUE -01 
0.10O0E-02 
0. 1592E+00 
0, 15OK-10 
0. 17S4CP03 
0.17S4EP03 
0.23&4E-09 

0, 1S38E+0O 

0. lDcac+is 

0.2S2XP16 

0.502XP1S 

0.1O0OE-0S 

0.7000EP00 

0.6060EP03 

0.700X-01 

0.8341E+01 

0.2060E+0S 

0.29S0E+03 

0.2FT0E+16 

0.3300E+14 

0. 10OGE+03 
0.3000E-12 
0. 1754EP04 
0,<EF2X-i2 
0. 17S4E+04 
0. 17S1E+01 
0. .1000E+04 
0.2800E-08 
0.440GE+03 
0.144X-03 
0. 144X-02 
0. 1003E-03 
0.122X+05 

0.1772E+04 
0. 1241EP06 
0.3302E-08 

e.eeax-ee 
0.2481E-07 
S 0.421X-00 
0.2770E-07 
0, 3661E-07 
0.31 10E-12 
0.S28X+U 
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Table F-6 (GH 11) 


PC MXDTC DCTCCTOR KPTQ&MX CHfirtCL * 1 7V160/STO B V/01 


CH - 

OmCL N_MBCR 


e, 1100002 

T • 

CCT, TDf> 


0.7300E*02 

HD • 

DCT. tClCWT CM 


0, 13&OE-01 

WD • 

DCT. WIDTH CM 


0.3190C-O1 

TD • 

CCTECTCR THIOOCSS CM 


0.1000E-02 

VB • 

DETECTOR BIAS VOL TAX V 


0.H3S2E+00 

CO • 

DETECTOR CAPACITANCE F 


0.S000E-10 

RD • 

DCIECTOR DAAK RESISTANCE 

OHM 

0.7215E+03 

2D • 

DCTECTOR IrPEOANCE ON 


0.7213E403 

PO • 

DETECTOR PHAGE ANCLE RAD 


0. 1916E-09 

X - 

MXE FRACTION 


0. 2035E+00 

PO • 

HOLE COfC. N-TYPE DOPING 

cm** -3 

O.20O0E+13 

PC • 

DONOR CARRIER CONC. CN**-3 

0. 101OE-16 

HI - 

INTRINSIC CPRRIER CONC. CM** -3 

0.4A93E+14 

TAU- 

CARRIER LIFETUC S 


0. 1000C-05 

2TA- 

0UANTU1 EFFICIEreY 


0.7000000 

MUP" 

PEAK HAVEHJ«R 1/CM 


0.0743E-C3 

EG • 

BAND GAP EPERGY EV 


0.9091E-01 

SIGMA - CONDUCTIVITY 1/CHVOI 


0. 3251E+01 

MU « 

ELECTRON MOBILITY CTO»2/V/S 

0.2010EA05 

MUM" 

HOLE MOBILITY CTO*2/V/S 


0.2320E403 

QDG- 

BKGD PHOTON FLUX DENSITY 

p/cm*2/s 

0.2810E416 

OS • 

SGN. PHOTON FLLX DENSITY 

p/cm**2/s 

0, 1B10E415 


re HGCOTC DCTECTOR PCRTOPUPrCE CHWffCL 11 73/100 'STD 0 V/CM 


CM • 

CHAffCL NJ«ER 


0.11002+02 

T - 

DET. IDF 


0.75«C4C2 

PC • 

OCT. HEIGHT CM 


0. :asec-oi 

WD * 

DCT. WIDTH CM 


0,31902-01 

TD * 

DETECTOR lHICXfCSS CM 


0.10002-02 

VB - 

DCTECTOR BIAS VOLTAGE V 


0.25522*00 

CD ■ 

DCIECTOR CAPACITANCE F 


0.15QOC-10 

KD • 

DCTECTOR ttW RESISTANCE 

OKI 

0,72152*03 

ZD • 

DCTCCTOR IMPEDANCE OEM 


0,72152*03 

PD - 

DCTCCTOR PHASE ANGLE RAD 


0. 57472-10 

X * 

MOLE FRACTION 


0.20352*00 

PO - 

HOLE core. N-TYPE DOPING 

CM** -3 

0,2000E4i3 

NO • 

DONAR CARRIER CONC. CTO. -3 

0. 10102*16 

MI - 

INTRINSIC CARRIER CONC, CTO.-3 

0,44932*14 

TAU* 

CARRIER LIFETIME S 


0,10002-05 

CTA" 

QLANTU1 EFTICIDCY 


0.70002*00 

ftP* 

PEAK HAVOLNBER I/CM 


0.87452*03 

EG - 

BAND CAP ENERGY EV 


0.90912-01 

SIGMA • COIOUCTIVITY 1/04V01 


0,32512*01 

MU - 

ELECTRON MOBILITY CM**2/V/S 

0.20102*05 

MUM- 

HXE MOBILITY CM**2/V/S 


0.2920E*03 

OBG* 

BKGD PHOTON FUJX DENSITY 

P/CM**2/S 

0.47302*16 

OS • 

SOL. photon nux DENSITY 

P/CM**2/S 

0.10102+15 



TR1 ■ 

nXDDHCK RESISTOR TEMP. K 

0, 160GC4O3 

Cl 


FDBK RESISTOR CAPACITANCE F 

0.3000E-12 

R2 


FEEDBACK RESISTANCE OKI 

0.7215E4«4 

PI 


FDBK RESISTOR PHASE PNO_E RAD 

0. 1149C-12 

21 


FDBK RESISTOR IMPEDANCE 01-tl 

0.7215C404 

VS 


SUPPLY VOLTAGE TO Rl/DET. V 

0,2807E^01 

PC 


OP€N LOOP GAIN 

0.1000C404 

VP 


PREAMP NOISE (INVT) V/HZ**.5 

0.2S00E~00 

rc 


CHOPPING FREQUENCY KZ 

0.4400C+03 

PW 


DETECTOR BIAS POCR M 

0.9026C-O4 

PR1- 

FEEDBACK RESISTOR BIAS PCtO* W 

0.S32GC-03 

SIGV 

- SIGNAL VOLTAGE V 

0, 15O4E-02 

RE 


- DCT, RESPONSIVITY V/t4 

0.213424^5 


TRT- 

FEEDBACK RESISTOR TOf>. K 

0.1000E403 

CF - 

FDBK RESISTOR CAPACITANX F 

0.30002-12 

RF - 

FEEDBACK RESISTANCE ONI 

0.7215E404 

PF - 

FDBK RESISTOR PHASE ANGLE RAD 

0. 11492-12 

2F • 

FDEK RESISTOR IMPEDANCE 0H1 

0.72152404 

VS - 

SUPPLY VOLTAGE TO RF/DET. V 

0.29072401 

AO - 

OPEN LOOP GAIN 

0.10002404 

VP * 

PfCAFF NOISE (INPUT) V/HZ...S 

0.20002-08 

FC - 

CHOPPING FREQUENCY HZ 

0.44002403 

PW - 

DCTCCTOR BIAS POWER W 

0.90262-04 

PRF* 

FEEDBACK RESISTOR BIAS POWER W 

0.90262-03 

SIGV 

- SIGNAL VOLTAGE V 

0.15042-02 

RE ■ 

■ DCT. RESPCT6IV1TY V/W 

0.21342405 


HZ • IfifTSlfTOlPrce (W1 

R ■ DCT./PRCPff 5 RESPONSIVITY V/W 

VBG- BACKGROUND NOISE V/HZ**.S 

VJN- JOWYWN NOISE V/KZ«».5 

VCR- GR NOISE V/KZ».5 

VMS- FDB< RESISTOR POISE V/HZ»*.S 

VPfi- PHEW NOISE V/KZ«*.S 

VT • TOTAL NOISE V/ HZ«*.5 

TCP- NOISE EQUIVALENT POVER W/HZ«*.5 

DSTAR • PEAK DSTAR CTOHZ«».5/W 


k>. TZaSE-NM 
0.2156E+06 
0.1103E-07 
0. 174GE-07 
0.U12E-07 
0.B06SE-00 
0.2770C-07 
0. 371 BE -07 
B.172SC-12 
0.1200012 


AZ • TRANS IMPEDANCE CHI 

R - DCT./PRBYP RESPONSIVITY V/W 

VBG- BACKGROUND NOISE V/HZ**,5 

VJN- JOHNSON NOISE V/KZ—.S 

VCR- GR NOISE V/HZW.5 

VRT- FVBK RESISTOR JOPNSON NOISE V/HZ»«.5 

VPA- PRiAMP NOISE V/HZM.5 

VT • TOTAL NOISE V/HZ«.5 

»CP- NOISE EQUIVALENT POWER U/HZ**.S 

DSTAR * PEAK DSTAR CTOHZ**. 5/W 


0.728BE+04 
0.2156C+06 
0.U31E-07 
0.1746E-07 
0.IU2E-07 
0,es54E-0e 
0.2770E-07 
0.3839E-07 
0.‘I781E-12 
0. 1 170E+12 


f 


I 

[ 


> 


I 


P 


PC HGCOTE DCTCCTOR PERFORMATCE CHANEL 11 

00/ 160/STD 8 V/OI 

PC HGCDTE DCTECTOR PERTORTfANX CHWtCL 11 

00/100/STD 0 V/CM 

CH 

CHY4CL NLMBCR 

0, 1 1002*02 

CH 

OfYtfX NJ1BER 

0.1100C402 

T 

DCT. TEH 3 

0.00002402 

T 

DCT. TEN 3 

0. 00002*02 

HD 

DET, HEIGHT CM 

0,13602-01 

HD 

DCT, f-CIGHT CM 

0.13602-01 

WD 

DCT. WIDTH CM 

0. 3190E-01 

WD 

DCT, WIDTH CJ1 

0.31902-01 

TD 

DCTECTOR THICKTCSS CM 

0.10002-02 

TD 

DCTECTOR THICKNESS CM 

0.10002-02 

VB 

DCTECTOR BIAS VOLTAGE V 

0.25522400 

VB 

DCTECTOR BIAS VOLTAGE V 

0.25522*00 

CD 

DCTECTOR CAPACITANCE F 

0.1S00C-10 

CD 

DETECTOR CPPACITAfCE F 

0.15002-10 

RD 

DCTECTOR DARK RESISTANCE OKI 

0.27672403 

RD 

DCTECTOR DARK RESISTANCE OKI 

0.2767E*03 

2D 

DCTECTOR IMPEDANCE OKI 

0,27672 40^ 

2D 

DETECTOR IfPCDANCE OKI 

0.2767E403 

PD 

DETECTOR PKSE ANGLE RAD 

0. 14992-09 

PD 

DCTECTOR PHASE ANGLE RAD 

0.14992-09 

X 

MOLE FRACTION 

0.20352*00 

X 

MOLE FRACTION 

0.20352*00 

PO 

HOLE CONC. N-TYPE DOPING CM** -3 

0.2003E4-13 

PO 

HOLE CONC. N-TYPE DOPING CM** -3 

0.2000 2*13 

ND 

DONOR CARRIER COK. CM** -3 

0.26322*16 

ND 

DONAR CARRIER CONC. CM** -3 

0.26322*16 

MI 

INTRINSIC CARRIER CCNC, CM** -3 

0,72562*14 

Nl 

INTRINSIC CARRIER CONC. CM** -3 

0.7256E4-14 

TAU 

CARRIER LirTTIfC S 

0. 10002-05 

TAU 

CARRIER LIFCTIfC S 

0. 100QE-05 

ETA 

QU0HTU1 EFFICIENCY 

0.70002400 

ETA 

QUANTUM EFFICIENCY 

0,70002*00 

NLP 

PEAK WAVENUMBER i/CM 

0.87452403 

NUP 

PEAK WAVENUMBER 1/CM 

0.87452*03 

EG 

BAND GAP ETCRGY EV 

0. 10042400 

EG 

BAND GAP ENERGY EV 

0.10042*00 

SIGMA - CONDUCTIVITY 1/OKVCM 

0.84772401 

SIGMA . COfflXCTIVITY 1/OWVCM 

0.B477E*01 

MJ • 

ELECTRON MOBILITY OT**2/V/S 

0.20102405 

MU - 

ELECTRON MOBILITY CM**2/V/S 

0.20102*05 

MUH- 

HOLE MOBILITY CM**2/V/S 

0.29202403 

nn- 

HOLE MOBILITY CM**2/V/S 

0.29202*03 

QBG- 

BKGD PHOTON FLUX DENSITY P/CM**2/S 

0.3620E416 

GBG- 

BKGD PHOTON FLUX DENSITY P/ CM**2/S 

0.59302*16 

QS - 

SGTC PHOTON FLUX DENSITY P/CM**2/S 

0, 18102415 

QS • 

SGK. PHOTON FLUX DENSITY P/C M**2/S 

0. 1010E+15 

TRF • 

FEEDBACK RESISTOR TEN 3 . K 

0. 160O2403 

TRF- 

FEEDBACK RESISTOR TEfP. K 

0. 10002*03 

CF - 

CT)BK RESISTOR CAPACITANCE F 

0. 30002-12 

CF • 

FDBK RESISTOR CAPACITANCE F 

0.30002-12 

RF * 

FEEDBACK RESISTANCE OKI 

0,276?E*04 

RF * 

FEEDBACK RESISTANCE OKI 

0.27672+04 

PF • 

FDEK RESISTOR PHASE ANGLE RAD 

0.2997E-12 

PF • 

FDBK RESISTOR PHASE ANGLE RAD 

0.29972-12 

2F • 

FD£K RESISTOR IfPEDANCE OHM 

0.27672404 

ZF - 

FDBK RESISTOR IfPEDANCE OKI 

0.2767E+04 

VS - 

SUPPLY VOLTAGE TO RF /’DET. V 

0.28072401 

VS • 

SUPPLY VOLTAGE TO RF/DET. V 

0 , 28072*01 

AO - 

OPEN LOOP GAIN 

0.10002404 

AO - 

OPEN LOOP GAIN 

0. 10002*04 

VP - 

PREAff 5 NOISE (IKEiT) V/HZ**.S 

0. 29002-06 

VP - 

PREAff 3 NOISE (INPUT) V/HZ**.5 

0.29002-00 

FC - 

CHOPPING FREQUENCY KZ 

0.44002403 

FC • 

CHOPPING FREQUENCY HZ 

0.44002*03 

PW - 

DETECTOR BIAS POLER W 

0.23542-03 

PW - 

DCTECTOR BIAS POt£R W 

0.23542-03 

PRF- 

FEEDBACK RESISTOR BIAS POWER W 

0.23542-02 

PRF- 

FEEDBACK RESISTOR BIAS POtER W 

0.23542-02 

SIGV 

• SIGNAL VOLTAGE V 

0.57682-03 

SIGV 

■ SIGNAL VOLTAGE V 

0.57602-03 

RE 

DCT. RESPONSIVITY V/W 

0.81862404 

RE 

DCT. RESPONSIVITY V/W 

0.81862*04 

A2 - 

TRANS IMPEDANCE OKI 

0.2795E404 

AZ - 

‘TRANSIfPEDANCE OKI 

0.27952*04 

R - 

DCT . /PREAff 3 RESPONSIVITY V/W 

0.82682405 

R - 

DCT. /PREAff 3 RESPONSIVITY V/W 

0. 82682*05 

VBG- 

BACKGROUND NOISE V/HZ**.5 

0.48022-08 

VBG- 

BACKGROUND NOISE V/H Z**.S 

0.61462-00 

VJN" 

JOHXSON NOISE V/KZ**.S 

0. 1 117E-07 

VJN- 

JOHNSON NOISE V/HZ**.5 

0.11172-07 

VGR- 

GR NOISE V/HZf*.5 

6.42662-08 

YGR- 

GR NOISE V/HZ**.S 

0,42662-00 

WF" 

FDBK RESISTOR JOKGON NOISE V/HZ**.5 

0.49952-08 

VRF - 

FDBK RESISTOR JOHNSON NOISE V/HZ**.5 

0. 52902-09 

VPA- 

PREAff 3 NOISE V/KZ**.5 

0.27702-07 

VPA* 

PREAff 3 NOISE V/HZ**,5 

0.27702-07 

VT - 

TOTAL NOISE V/KZ**.5 

0.30952-07 

VT • 

TOTAL NOISE V/HZ**. 5 

0.31242-07 

fCP- 

NOISE EQUIVALENT POWER W/HZ**.S 

0.37432-12 

NEP- 

WISE EQUIVALENT PObCR W/HZ**.5 

0.37782-12 

DSTAR ■ P2FK DSTAR Q1*HZ**.S/W 

0.5564E411 

DSTAR 

• PEAK DSTAR CM*HZ**.5/W 

0.55132+11 


F-63 
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Table F-6 (CH 12) 


PV HGCDTE DETECTOR PERFCH1ANCE CHAHCl 12 75/160/STD pv HXDTE DETECTOR POTOfmCE CHATfEL 12 


CH - omo. UMBER 

HD ■ DETECTOR HEIGHT CH 

HO • DETECTOR WIDTH CH 

T * DCT. TOR. K 

CS • DCT. STOW CAPACITANCE F 

RS • DCT. SHUNT RESIST AMCC OHI1 

X * HOLE FRACTION 

VH > BIAS VOLTAGE V 

EG * BAT® GAP ENERGY EV 

HI • INTRITSIC CONC. OW-3 

NA • ACCEPTOR core. CMw-3 

ND • DONOR CARRIER core. CM**-3 

MU • ELECTRON NOBILITY CH**2/V/S 

HUH* HOLE NOBILITY CH«*2/V/S 

ETA- QUANTUM EFTIMENCY 

TAU- CARRIER LIEETIfC S 

NUP- PEAR WAVENUMBER 1/CH 

OBG- BXGD PlttTON FUJK DENSITY P/CmOS 

OS • SGN. PHOTON FUJX DENSITY P/Cm*2/5 

KAPPA - DIELECTRIC CONSTANT' 


0. 12OOC+0Z 
0.530OE-01 
0.94S0E-B1 
0.7S0QE+02 
o.Moae-ii 
B*1050E*«7 
0.2143E+00 
0.0O00E*00 
B.lISGErea 
0, 1796E+I8 
0.2000E+15 
0.1000E+16 
0.19600+05 
0.2S90C+03 
0.7500E+00 
0.5000C-06 
0.1036C+O4 
0.33S0E+14 
0.6320E+13 
0,I3B4E-t«2 


CH ■ CHANCL. HUMBER 

HD • DETECTOR HEIOTT CH 

1® • DETECTOR WIDTH CH 

T • DCT. TETP. K 

CS • DCT, STOW CAPACITANCE F 

RS ■ OCT. SHMT RESISTANCE OPN 

X • HOLE TRACTION 

VB ■ BIAS VOLTAGE V 

EG ■ BATE GAP ENERGY EV 

HI • INTRINSIC CONC. CH*»-3 

NA • ACCEPTOR CONC. Cm*-3 

ND • DONOR CARRIER COM C. CM**-3 

MJ ■ ELECTRON NOBILITY Cm*Z/V/S 

HUH- HOLE NOBILITY CM**2/V/S 

ETA- QUANTUM EFFICIENCY 

TAU- CARRIER LIFETIIC S 

f*JP- PEAK WAVENJT®ER »'■> 

OBG- BKCO PHOTON FUJK A‘V4&«'»Y p/tm*2/S 
OS • SGML PHOTON PUN ftSfftfY P/Oi**2/S 
KAPPA - DIELECTRIC CWPfttfr 


RT 

cr 

VP 

AO 

TRF 

re 


PEEDDACK RES I ST ACE OWN 
FEEDBACK CAPACITACE P 
PREATf 5 NOISE (irPUT) V/HZ**. 5 
OPEN LOOP GAIN OF PREAPP 
FEEDBACK RESISTOR TOP K 
CHOPPING FREQUENCY HZ 


0, 1B00E+10 
0.3000E-12 
0.2900E-00 
0,!000E<04 
0, 1600E+03 
0,44000*03 


RE 

CE 

VP 

AO 

TOE 

FC 


FEEDBACK RESISTANCE OPM 
FEEDBACK CAPACITACE F 
PREAMP NOISE (IIPUT) V/HZ**. 5 
OPEN LOOP GAIN OF PREATf 5 
FEEDBACK RESISTOR TETf 5 K 
CHOPPING FREQUENCY KZ 


RO 

RA 

VJ 

a 

WJ 

VC 

ZD 

ZF 

PD 

PF 


DIOOE DARK RESIST ACE BIAS-0 OPN 
R<0>*A PROOUCT 0HWCm*2 
-AUCTION POTENT 1(4. V 
JUNCTION CAPACITAMCE F 
JUNCTION WIDTH at 
CONTACT POTENTIAL V 

detector impedance ohi 

FEEDBTEK RESISTOR Itf’LDANCE OHI 

DCT. PHASE ANCLE RAC 

FDTK RESISTOR PHASE ANGLE RAO 


0.209GE+09 
0.1050E+07 
0.16060*00 
0.123BE-09 
0. 49500-04 
0,16060+00 
0.2749E+07 
0,54660*09 
0. 16330-14 
0.8294C-1B 


RO 

RA 

VJ 

CJ 

WJ 

VC 

ZD 

zr 

PD 

PF 


DIOtE DARK RESISTANCE BIAS-0 OHI 
R(0)*A PROOUCT 0HHCMM2 
JUNCTION POTENTIAL V 
JUNCTION CAPACITANCE F 
JUNCTION WIDTH CH 
CONTACT POTENTIAL V 
DETECTOR IHPEDANCE CHI 
FEEDBACK RESISTOR ITfEDANCE 0H1 
DCT. PHASE ftKLX RAD 
FDflK RESISTOR PHASE ANGLE RAO 


IS 

IT 

Off 

VBG 

VJN 

VPA 

VT 

R 

TCP 


s'lGT«: PHOTOCURHENT A 
TOTAL BKGD PHOTOCUWENT A 
FDBK RESISTOR NOISE V/HZ**. 5 
BACK CPC TC NOISE V/HZ** >5 
J0H60N NOISE V/HZ**.5 
PREATf 5 NOISE V/HZ**. 5 
TOTAL NOI'k V/HZ**. 5 
RESPONSIVITY V/W 
NOISE EQUIVALENT POWER W/HZ**.5 


DSTAR - CN<HZ**.5/W 


0.68230*09 

0.36030-00 

0.21360-07 

0.20280-05 

0.5645E-04 

0,30330-05 

0.4640E-ae 

0.5657E-04 

0.39B2E+1B 

0.1420E-13 

0.4380E+13 


07 

IS 

IT 

VAT' 

VBG' 


VPA' 

VT 

R 

TCP' 


TBANSIfrafifCE OHM 
SIGNAL PHOTOCUWENT A 
TOTAL BKGD FHOTOOJRfiENT A 
m£K RESISTOR NOISE V/HZ**. 5 
BACK GROUTS NOISE V/HZ*°*>5 


VJN- JOHSON NOISE V/HZ**.5 


PREATf* NOISE V/HZ*».5 
TOTAL NOISE V/KZ**.5 
RESPONSIVITY V/W 
NOISE EQUIVALENT POWER U/HZ**.5 


DSTAR ■ ChtMZ**.S/W 


PV HGCDTE DETECTOR PERTOWiANCE CHAHCL 12 B0/160/STD PV HGCDTE DETECTOR PERFORMANCE CHATTEL 12 


CH • CHATTEL TIMBER 
HD • DCTECTCR HEIGHT CM 
W) - CETECTOR WIDTH CH 
T • DCT. TEN 5 . K .' 

CS • DCT, STRAY CAPACITANCE F 

RS ■ DCT, SHJNT RESISTANCE OHTt 

X • HOLE FRACTION 

VB - BIAS VOLTAGE V 

EG - BAND GAP EJCRGY EV 

NI - INTRINSIC CONC. CH**-3 

NA - ACCEPTOR CONC. CN«»- 3 

ND • DONOR CARRIER CONC. CM**-3 

MU - ELECTRON MOBILITY CM**2/V/S 

TLH* HOLE MOBILITY CHW2/V/S 

ETA- QUANTUM EFT ICIENCY 

TAU- CARRIER LIFETIME S 

TUP- PEAK HAVETUMEER 1/CM 

OBG* BKGD PHOTON FLUX DENSITY P/Ch**2/S 

OS - SOU PHOTON FLUX DENSITY P/Cm*Z/S 

KAPPA ■' DIELECTRIC CONSTANT 


0.12000+02 
0,53000-01 
0.94ME-01 
8,60000*02 
0,60000-11 
0, ieseo+07 
0.21430+00 
0.00000+00 
0. 1 1560+00 
0.607ZE+10 
6.20000*15 
0.100BE+16 
0. 19600*05 
0.28900+03 
0.75000*00 
0.50000-06 
0, 10960+04 
0.S23GO+14 
0.63200+13 
0. 1304E+02 


CH • CHANCL TIMBER 

Tf) * DETECTOR TCIOTT CM 

WD “ DETECTOR WIDTH CH 

T • CET. TOP. K 

CS • DET. STRAY CAPACITANCE F 

RS • DCT. STtWT RESISTANCE OHI 

X • MOLE FRACTION 

VB • BIAS VOLTAGE V 

EG • BAUD GAP ETCRGY EV 

HI * INTRINSIC CONC. Of**-3 

NA • ACCEPTOR OONC. Cm* -3 

TC • DONOR CARRIER CCHC. CN**-3 

MU • ELECTRON MOBILITY CN**2/V/S 

TUH- HOLE MOBILITY Cm*2/V/S 

ETA- QUANTUM EFFICIENCY 

TAU- CARRIER LIFETIME S 

TUP- PEEK HMHJTCER 1/CM 

OBG- BKGD FHOTCN FUJX DENSITY P/CM**2/S 

QS ■ SOU PHOTON FLUX DEN5ITY P/CM**2/S 

KAPPA • DIELECTRIC CONSTANT ' 


AT 

CF 

VP 

AO 

TRF 

rc 


FEEDBACK RESISTANCE OTM 
FEEDBACK CAPACITACE F 
PREATf 5 NOISE (ITPUT) V/HZ**.S 
OPEN LOOP GAIN OF PREATf 5 
FEEDBACK RESISTOR TETf 5 K 
CHOPPING FREQUENCY HZ 


0. 1000E+10 
0.3000E-12 
0.2B00E -00 
0. 1000EK04 
0.1600E+03 
0. 440QCT03 


RF 

cr 

VP 

AO 

TRF 

FC 


FEEDBACK RESISTANCE OTM 
FEEDBACK CAPACITACE F 
PREAMP NOISE CITPUT) V/HZ*».S 
OPEN LOOP GAIN OF PREATf 5 
FEEDBACK RESISTOR TEMP K 
CHOPPING FREQUENCY HZ 


RO 

RA 

VJ 

CJ 

WJ 

VC 

ZD 

ZF 

PD 

PF 


DIODE DARK RESISTANCE BIAS-0 OTM 

R(0>*A product om*cm*2 

JUNCTION POTENTIAL V 

junction capaci;y?ke f 

JUNCTION WIDTH CM 
CONTACT POTENTIAL V 
DETECTOR ITfCDAHCE OTM 
FEEDBACK RESISTOR IMPEDANCE CHI 
DET. PHASE ANGLE RAO 
FDBK RESISTOR PHASE ANGLE RAD 


0.2096E409 

0. 1850Et07 

0, 154SEU*/ 
0.1263E-09 
0.4863E-04 
0. 154SE+00 
0.Z700E40Z 
0.5466E+09 
0. 166SE-14 
0.8294E-1B 


RO 

RA 

VJ 

CJ 

WJ 

VC 

ZD 

ZF 

PD 

PF 


DIODE DARK RESISTANCE BIAS-0 OHI 

r( 0 )*a proouct omcm*2 

JUNCTION POTENTIAL V 
JUNCTION CAPACITANCE F 
JUNCTION WIDTH CM 
CONTACT POTENTIAL V 
DETECTOR IMPEDANCE OHI 
FEEDBACK RESSSTCR ITPEDANCE OHI 
DET. PHASE ANGLE RAO 
FDBK RESISTOR PHASE ANGLE RAD 


AZ 

IS 

IT 

VRF' 

VBG' 

VJN' 

VFA' 

VT 

R 

NEP' 


TRANSITPEDANCE (HI 
SIGNAL PHOTOCLRFJNT A 
TOTAL BKGD PHOTOCLRRENT A 
FDBK RESISTOR NOISE V/HZ**.5 
BACKGROUC NOISE V/KZ»>5 
JOHOON NOISE V/HZ*».5 
PREATf 5 NOISE V/WZ**.5 
TOTAL NOISE V/HZ**.5 
RESP0T6IVITY V/W 
NOISE EQUIVALENT POWER W/HZ**.S 


DSTAR • CTWHZ**.5AI 


O.6854E+09 
0.3eO3E-0S 
0.3147E-0Y 
0.2037E-05 
0.68B3E-04 
0.3146E-06 
0.4711E-06 
0. £0932-04 
0.4001E+10 
0. 1723E-13 
0.4107E+13 


AZ • 
IS - 
IT • 
VRF- 
VBG- 
VJN- 
VPA- 
VT ■ 
R • 

TCP.' 


TRANSITPEDANCE 

SIGNAL PHOTOCUWENT A 

TOTAL BKGD PHOTOCURRENT A 

F'flK RESISTOR NOISE V/HZ«.5 

BACKGROLf® NOISE V/HZ *•» 

J0HT90N NOISE V/KZ**.5 

PREATf 5 NOISE V/HZ**. 5 

TOTAL NOISE V/KZ**.5 

RESPONSIVITY V/W 

NOISE EQUIVALENT POWER W/HZ**.5 


DSTAR • Cm«Z**.5/W 


7S/190/STD 


0.1200ET02 
0.5300E-01 
0.9450E-01 
0.7S00ETO2 
0.6000E-11 
0.1050E407 
0.2143C-T00 
0.B000C400 
0. 1150E+00 
0.1790E+10 
0.2000E+15 
0.1000CT16 
0. 1960ET0S 
0.2890E+03 
0.VS00EHW 
0.S000E-06 
0.1036EHM 
0.B740E+14 
13.6320E+13 
0.1384E402 

0, 1000E+10 
O.3000E-12 
0.2GO0E-0Q 
0. 1000C404 
0, 1000E+03 
0.4400ET03 

0. 2096E*09 
0.105OE407 
0.1606ET00 
0.1230E-09 
0.49S8E-04 
0. 1606ET00 
0.2749CT07 
0,S4£e£*09 
0.1633E-14 
0.S294E-I0 

0.6B23E+09 

0.3903E-00 

0.52S9E-07 

0.2151E-0S 

0.B057E-04 

0.3B33E-BS 

0.4640E-06 

0.8065E-04 

0.3982E+I0 

0.2226E-13 

0.317SE+13 


eiVise^TD 


0. 1H00E+02 
0.5300E-01 
0.94S0E-01 
0. 000GE+02 
0.6000E-U 
0.10S0E+07 
0.2143E400 
0.0000E+00 
0.1156E+00 
0.6072E+1B 
0.2000E+15 
0. 1000E+16 
0. 1900E+05 
0.2990C-HS3 
0.7S00E+00 
0.500BE-06 
0. 103CE404 
0. 1040E+15 
0.6320EW13 
0. 1384E+02 

0. 1000E+10 
0.3000C-12 
0.SB00E-B8 
0.1000EHM 
0.1000E+03 
0.4400E+03 

0.20960*09 
0, 10500*07 
0. 1545E*00 
0.1263E-09 
0.4063E-04 
0. 15450*00 
0.2700E+07 
0. 54660+09 
0. 166SE-14 
0.8294E-10 

e. 60540*09 
0.3003E-00 
0.62580-07 
0.21S1E-05 
0.97060-04 
0.31460-05 
0.4711E-06 
0.9713E-04 
0.4001E+10 
0.2420E-13 
0.29150+13 
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Table F- 

PV HGCDTE OCTECTOR PCRFOAmCE OPNCL 14 

75/iee^TD 

CH • 

CHANEL TEMPER 

B.1400EF02 

HD - 

DETECTOR HEIGHT CM 

0.53O0E-0I 

UD • 

DETECTOR WIDTH CM 

B.9O40C-01 

T • 

DCT. TOP. K 

0.75O0EHK 

CS - 

DCT. START CAPACITANX F 

0.S000E-11 

RS • 

DET. SMLNT RESISTANCE ONI 

0. i0S0C407 

X • 

HOLE FRACTION 

0.2573EI00 

VB • 

BIAS VXTAGE V 

0.0000EI00 

EC - 

bamc cap dcrc-f EV 

0.1B2SENM 

HI • 

INTRINSIC CONC. CNW-3 

0.7530E405 

HO • 

ACCEPTOR CONC. CN**-3 

0.7000E+15 

N) * 

DONOR CARRIER CONC. CN»*-3 

0. 1000CM17 

HU • 

BJECTOON MOBILITY CTWAi/S 

0.1070CNB 

HUH* 

TELE MOBILITY CNwZ/V/S 

0.2770E+03 

ETA- 

QURNTU1 EFFICIENCY 

0.7500E+00 

TftU- 

CARRIER UFETITC S 

0.5000E-06 

HUP- 

PEAK WAVENUMBER I/CM 

0, 1639E404 

QBC- 

»<GD PHOTON rUK DENSITY P/CM«2/S 

0. 1140EM13 

OS ■ 

SON. PHOTON rUK DENSITY P/CMK-2/S 

0.3310C+12 

KhPPR • DIELECTRIC CCfGTANT 

0.13G1E-HE 

R r * 

FEEDBACK RESISTANCE OT-M 

0.1000E+10 

cr • 

FEEDBACK CAPACITACE F 

0. 3000E-12 

V* • 

PREATP NOIX (ITPUT) V/HZ—.5 

0. 200GE-03 

PC - 

OPEN LOOP CAIN OF PREAMP 

0.1000E+04 

TRF- 

FEEDBACK RESISTOR TOP K 

0, 1600E483 

FC • 

CHOPPING FREQUENCY KZ 

0.4400E403 

RO • 

DIOCE DAH< RESISTANCE BIAS-0 0H1 

0.2192E409 

RA • 

R(0NA PROCUCT OAMWO>»2 

0. 1050EI07 

VJ - 

JUNCTION POTENTIAL V 

0.3139E+00 

a • 

JUCTION CAPACITANX F 

0. 2657E-09 

WJ • 

JUNCTION WIDTH CM 

0. 2173E-04 

VC • 

CONTACT POTENTIAL V 

0.3139EM00 

zb » 

OCTECTOR IMPEDANCE ONI 

0.1323E407 

zr - 

FEEDBACK RESISTOR IMPEDANCE ONI 

0.54S6E+09 

PV • 

DET. PHASE ANGLE AAD 

0. 3352E-14 

FF - 

FDBK RESISTOR PHASE ANGLE RAD 

0.B294E-18 


6 (CH 1$) 


ORIGINAL PAGE IS 
OF POOR QUALITY 


PV HGCDTE DETECTOR PEAFOUIWX CHANCL 14 7S/1B0/STD 


CH • CWrtl MLMPCR 

1C ■ DETECTOR TCIGHT CM 

HD ■ DETECTOR WIDTH CM 

T • DET, TEW, K 

CS • DCT, STOW CBPACITANX r 

RS • DCT, SHUW RESISTANCE ONI 

x • nos. fraction 

VB • BIAS VOLTAGE V 

EG • BAM® CAP ENERGY EV 

HI ■ INTRINSIC CONC. CH»-3 

HR • ACCEPTOR CONC, CMw-3 

f« ■ DONOR CARRIER CONC. CNw-3 

KJ ■ ELECTRO!'] MOBILITY CM»»*2/V/S 

TtJH* HOLE MOBILITY CM«2/V/S 

ETA- OJAHTUH EJTICIEICY 

™U- CARRIER LIFETIME S 

NjP- PEAK NMJtMBER l/CM 

OBG- R<GD PHOTON FU* DENSITY P/CMW2/S 

OS - SWt. PHOTON FLUK DENSIT" P/CM«2/S 

KAPPA * DIELECTRIC COTETANT 


8.1400082 
0.5300E-OI 
0.9O40E-01 
0.7500EW2 
0.B000E-11 
e. iBcee-07 
0,2S73E*00 
0.000OE480 
0, 182SC400 
0.7S30E+05 
0. 7B00E+15 
0. 1B00E+17 
0,107X485 
0.277X+83 
0.750X480 
0.5O00E-06 
0.163SE404 
0.427X+13 
0.331X+1Z 
0.1361E402 


n- ■ FEEDBACK RESISTANCE OHM 
a ■> FEEDBACK CAPACITACE F 
VP « PREAMP NOISE (INVT) V/KZ«,5 
AO • OPEN LOOP GAIN OF PAEAN 3 
TRF- FEEDBACK RESISTOR TOP K 
FC ■ CHOPPING FREOLCMCY HZ 


0.100X410 
0.300X-12 
0.2800E-00 
0.100X484 
0. IBOOE+03 
0.4400E403 


RO ■ DIODE DARK RESISTANCE BIAS-0 ONI 

RA • R<0>«A PRODUCT 0MKCN«2 

VJ • JLNCTICM POTENTIAL V 

CJ - JLNCTICM CAPACITANX F 

WJ • JUNCTION WIDTH CM 

VC • CONTACT POTENTIAL V 

ZD - DETECTOR IMPEDANX ONI 

zr - FEEDBACX RESISTOR IMPEDANX ONI 

PD • DET. PHASE ANSLE HAD 

PF • FDBK RESISTOR PHASE ANGLE RAD 


8.2132E409 
0. 10SCE+07 
0.3139E400 
0.2657E-09 
0.2I73E-04 
0.3I39E400 
0. 1323E407 
0.5466E+09 
0.33S2E-14 
0.8234C-10 


IS 

IT 

VRF- 

VBG' 

VJN' 

VPA 

vr 

R 

TCP 


Tttflwwa rnff ifr 

SIGNAL ft® TOCLRROfT A 
TOTAL BKGD PHOTOCURRENT A 
FDBK RESISTOR NOISE V/liZw,5 
BACXGROUO NOISE V/HZ**>5 
J0N6CH NOISE V/HZ».S 
PREAMP NOISE WKK*.5 
TOTAL NOISE V/HZ»,5 
HESPONSIVITY V/H 
NOISE COW! VALENT PCLER A4EM.5 


DSTAR - CM)-KZ«.S/W 


CX Ml ITlfla 
«• 

0.1905E-09 
0.6563E-09 
0,2?6SC-«5 
0.135ie-«4 
0.4049E-05 
0.B180E-06 
0. 1439E-04 
0.3436C+10 
0.4I00E:»14 
0. 1&53E+14 


■ iwcSirrta/Hhufc OHH 
IS • SKNAL PHOTOCUWENT A 
IT - TOTAL BKGD PHOTOCUWENT A 
VRF- FDBK AESISTOR NOISE V/H7**.5 
VBG- BACKGROUND NOISE V/KZ**>5 
VJN- JeweON NOISE V/KZw.5 
VPA- PREAMP NOISE V/HZ«*.5 
VT ■ TOTAL NOISE V/KZ».5 
R • RESPONSIVITY V/W 
TCP- NOISE EOUIVAUJENI POSER H'KZW.5 
DSTAR • CMHHZ**.5/H 


0.9314E489 

0.1985EH39 

0.24S0E-0S 

0.2937F-35 

0.2614E-04 

0.4049E-0S 

0.810X-66 

0.2663E-04 

0.3437E+10 

0.774X-14 

0.8334E+13 


PV HGCDTE DETECTOR PERFORMANCE ORIEL 14 Ba/160/STD PV HGCDTE DETECTOR PERFORMANCE CHANEL 14 80/1B0/STD 


CH - CHANEL I UMBER 
HD - DETECTOR HEIGHT CM 
WD - DETECTOR WIDTH CM, 

T • DET. TETP. K , 

CS - ECT. STRAY CAPACITANCE F 

RS • DET. SHLHT RESISTANCE ONI 

X - HOLE FRACTION 

VB - BIAS VOLTAGE V 

EG • BAND GAP OERGY EV 

NI - INTRINSIC CONE, CM*»-3 

HA - ACCEPTOR CONC. CMW-3 

ND - DOMCR CARRIER CONC. CMW*-3 

MU • ELECTRON MOBILITY OVw 2/V/S 

HUH- MOLE MOBILITY CNW2/V/S 

ETA- QUANTUM EFFICIENCY 

TAJ- CARRIER LIFETIME S 

NUP- PEAK MAVCNJMBER 1/CM 

«6G- BKGD FHOTON FLUX DENSITY P/OTW2/S 

OS - SGML FHOTON FUM DENSITY P/CMIW2/S 

KAPPA - DIELECTRIC CONSTANT 

RF - FEEDBACK RESISTANCE ONI 
CF - FEEDBACK CAPACITACE F 
VP - PREAMP NOISE (ITPUT) V/KZ«*.5 
AO - OPEN LOOP GRIN OF PREAMP 
TRF- FEEDBACK RESISTOR TEMP K 
FC ■ CHOPPING FREQUENCY HZ 

RO • DIODE DARK RESISTANCE BIAS-0 OHM 

AA • R(0)«A PRODUCT 0NPO1«*2 

VJ • JUNCTION POTENTIAL V 

a - JUNCTION CAPACITANCE F 

WJ - JUNCTION WIDTH CM 

VC • CONTACT POTENTIAL V 

ZD • DETECTOR IMPEDANCE ONI 

2F - FEEDBACK RESISTOR IMPEDANCE OHM 

PD - DET. PHASE ANGLE AAD 

FF * FDBK RESISTOR PHRSE ANGLE RAD 


0. 140X402 
0.5300C -01 
0.9040C-01 
0. GOGOL *02 
0.60O0E-U 
0,105X407 
0.2573E+00 
0.000X400 
0, 1829E400 
0.4S76E406 
0,700X413 
0. 100X417 
0.107X405 
0.Z77X4O3 
0.750X400 
O.5000E-06 
0. 1639E404 
0. 114X413 
0.33IX41Z 
0. 1361E402 

0. 100X410 
0. 3000E-12 
0.2H00E-00 
0. 1000E+04 
0.1600E483 
0. 440X403 

0. 2192E409 
0. 1050E+07 
0.309IE400 
0.Z670E-09 
0.2137E-04 
0.3091E400 
0. 1313E407 
0.546BC409 
0.337X-14 
C. 82S4E-10 


CH 

CHANEL TEMPER 

0.1400e4«2 

HD 

DETECTOR HEIGHT CM 

0> 5300E-01 

to • 

DETECTOR WIDTH CM 

0.9040E-ei 

T • 

DCT. TETP. K 

0.9000E-KS2 

CS - 

DET. STRAY CAPACITANX F 

0.6000E-11 

RS - 

DET. saw RESISTANX ONI 

0.1050E407 

X - 

TELE FRACTION 

0.2S73C40S 

VB - 

BIAS VOLTAGE V 


ec • 

BAND GAP ETERGY EV 

0.1829E+00 

NI ■ 

INTRINSIC COMC. CM**-3 

0.407BC406 

m - 

ACCEPT CR COMC. CMTW-3 

0.7000E^i5 

ND * 

DOMCR CARRIER CONC. CMtw-3 

0. 1000E+17 

MU - 

ELECTRON MOBILITY CMM®/V/S 

0. 1B70E405 

HUH- 

HOLE MOBILITY CMW*2/V/S 

0.Z77K+Q3 

ETA- 

QUANTUM EFFICIENCY 

0.7S00E400 

TRU- 

CARRIER LIFETIME S 

0, 5000E-06 

MP- 

PON WAVENUMBER 1/CM 

0. 1639EHM 

Cb9G- 

BKGD PHOTON FLUX DENSITY P/CMW2/S 

0.4270E+13 

oe • 

SGML PHOTON FUN DENSITY P/CMW2/S 

0.3310:412 

KAPPA ■ DIELECTRIC CONSTANT 

0. 1361F402 

RF • 

FEEDBACK RESISTANX ONI 

0. 10O0O10 

CF - 

FEEDBACK CAPACITAX F 

0. 3000E-1Z 

VP - 

PREAMP NOISE (INPUT) V/HZw.S 

0.2000E-00 

AO - 

OPEN LOOP CAIN OT PREAMP 

0. 1000F+04 

TRF* 

FEEDBACK RESISTOR TETP K 

0. 1000E+03 

FC - 

CHOPPING FREQUENCY HZ 

0.4400C403 

RO • 

DIOX DARK RESISTANX BIAS -0 ONI 

0.2132E409 

RA * 

R(0)<A PRODUCT 0N*CMT«2 

0. 10S0E+07 

VJ - 

JUNCTION POTENTIAL V 

0. 3091 £•♦00 

a - 

JUNCTION CAPACITANX F 

0.2678CH99 

WJ • 

JUNCTION WIDTH CM 

0.2157E-04 

VC ■ 

CONTACT POTENTIAL V 

0.3&91E400 

2D ■ 

XTECTOR ITPEDANX ONI 

0. 1313E407 

2F • 

FEEDBACK RESISTOR IMPEDANX ONI 

0.546GE+09 

PD • 

DCT. PHRSE ANSLE RAO 

0.337SE-14 

PF - 

rDtK ISSISTOR PHASE ANGLE RAD 

0.6294E-18 


AZ - TOANSITPaFNX ONI 

Iff • SIGNAL PHOTOCUWENT A 

IV !» TOTAL BKGD PHOTOCUWENT A 

VRF- FDBK RESISTOR NOISE V/H2*».S 

VBG- BACKGROUC NOISE V/KZ«*>5 

VJN- JONSON NOISE V/KZ«».5 

VPA- PREAMP NOISE V/H2«.5 

Vf - TOTAL NOISE V/HZ*»,5 

R • RESPONSIVITY V/W 

TUP- NOISE EQUIVALENT POAER W/HZ».5 

DSTAR - OHCn.MI 


0.9364E+09 
0.1905E-09 
0.S563E-09 
0.27B4E-05 
0. 1350E-04 
0.4204C-05 
0.B224E-06 
0. 145 IE -04 
0. 3455E+10 
0.4199E-14 
0. 1640E+14 


AZ - TOArCITPEDAMCE CHI 

IS - SIGNAL NOTOCUWENT A 

IT ■ TOTAL BKGD PHOTOCUWENT A 

VRF- FDBK RESISTOR NOISE V/HZw.5 

VBG- BACKGROUC NOISE V/HZU05 

VJN* JOTteON NOISE V/HZ**.S 

VPA- PREAMP NOISE V/HZ».5 

VT • TOTAL NOISE V/KZ**.5 

R ■ RESPONSIVITY V/W 

TCP- NOISE EQUIVALENT rOCS LWMZPI.5 

DSTAR - OPHZm.VW 


0.S364E+09 
0.1905E-09 
0.245SE-00 
0.2952E-05 
0.2S28E-04 
0.4204E-05 
0.6224E-06 
0.2S7SE-84 
0. 3455E+10 
0.7754E-I4 
0.B327E+13 


F-65 


Table F-6 (CH 16) 


PV HGCDTE DETECTOR PERPORMAPCE Omtt 16 75/160/STD PV HGCDTE DCTECTCR PERFORMANCE CHAPPEL 16 75/IB0/STD 


CH • OmCL HlfO! 

W> • DCTECTOR HEIGHT CM 
WO • DCTECTCR WIDTH CH 
T • DCT, TEPP, K 
CS ■ DCT, STRAY CAPACITANX F 
RS • DCT. SHUT RESISTANCE OUT 
X - MOLE FRACTION 
VS • BIAS VOLTAGE V 
EC * BAM) CAP ENERGY EV 

hi » iNmireic conc. cm»-3 

NA - ACCEPTOR OONC. CMw-3 

1C * DONOR CARRIER CONC. CH**-3 

Mi * ELECTRON MOBILITY CM**E/V/S 

MjH- HOLE MOBILITY CN**2/V/S 

ETA' QUANTUM EFFICIENCY 

TAU' CARRIER LIFETIME S 

ftf>- PEAK UAYEHUPSER 1/CM 

QBG- BKGD PHOTON FLUX DENSITY P/Crt»2/S 

QS • SOL PHOTON FLUK DENSITY P/CM**2/S 

KAPPA • DIELECTRIC CONSTANT 


0.1«ME*03 

O.53ME-01 

B.oeeoc-ei 

0,7500E*e2 

o.seeoe-it 

0. 1050ET0T? 
0.2707E10G 
0.O000E+O0 
0.2040EF00 
0.312SEHM 
0.E000E.16 
0.5000E+17 
0, HM0E+05 
0.273GE+03 
0.7500C+00 
0.S0O0E-06 
0.1B2BE4O4 
0.S33OE+1Z 
0.3910E+12 
0. 13S4E+02 


CH ■ CHANEL Mm3? 

(C • DCTECTCR KTOTT CM 

» • DCTECTOR WIDTH CM 

T • DCT. TEffL K 

CS ■ DCT. STRAY CAPACITANCE F 

RS • DCT. SMUT RESISTANCE ONi 

X • POLE FRACTION 

VB • BIAS VCLTAGE V 

EG • BAND GAP DCRGY EV 

HI ■ INTRINSIC CONC. CM*»-3 

NA ■ ACCEPTOR CCNC, CM»*-3 

PC • DOPOR CARRIER CONC, CM*. -3 

Mi ■ ELECTRON MOBILITY CM**2/V/S 

MUH- HOLE MOBILITY CPW*2/V/S 

ETA' QUANTUM EPFICIEHCY 

TAU' CARRIER UFETIPC S 

HP- PEAK WASEHW3ER 1/CM 

QBG* BKGD PH3TCM FLUX DD6ITY P/CM*»2/S 

OS • SGM. PHOTON FLUX EEP6ITY P/CPTr*2/S 

KAPPA ■ DIELECTRIC CONSTANT 


0.16O0E4B2 
0.53O0C-01 
0.BS0OE-01 
0.7S00EKE 
0.6000C-11 
0. 1050E+07 
0.E707E400 

o.eeeeeieo 

O.ZO40E+00 
0.3125E4O4 
0.Z00QEU6 
O.50O0C+17 
0.I040C405 
0.2730E*03 
0.7S00C400 
0, S000E-06 
0.1B20E404 
0.1120E+13 
0.3910E+12 
0. 13SXE+»2 


RF - 

FEEDBACK RESISTANCE 

ONI 

0.10002+18 

C F * 

FEEDBACK CAPACITACE 

F 

0. 30002-12 

Vf* - 

PREAPP NOISE UPPUT) 

V/HZm.5 

0.28002-08 

80 - 

OPEN LOOP GMN OF PREPTf 3 

0.10002+04 

TRF - 

FEEDBACK RESISTOR TEMP K 

0,16002+03 

FC • 

CHOPPING FREQUENCY 

KZ 

0.44002+03 


RF - 

FEEDBACK RESISTANCE 

CHI 

0. 10002+10 

cr • 

FEEDBACK CAPACITACE 

F 

0.3000C-12 

VP - 

PREAPP NOISE INPUT) 

V/HZ«,5 

0.29002-08 

80 - 

OPEN LOOP CAIN OF PREAMP 

0. 10002+04 

TRF- 

FEEDBACK RESISTOR TEPP K 

0. 1000; *33 

FC • 

CHOPPING FREQUENCY 

KZ 

0.44002+03 


RO 


DIODE DARK ASSISTANCE BIAS'S ONI 

0.23042+09 

RO 


DIODE DARK RESISTANCE BIAS-0 ONI 

Rft 


R(B)«A PRODUCT CNMCMW‘2 

0.10502+07 

Rfi 


R(0)*A PRODUCT ONWCNWZ 

VJ 


JUNCTION POTENTIAL V 

0, 37222+00 

VJ 


JUNCTION POTENTIAL V 

CJ 


JUNCTION CAPACITANCE F 

0.51772-09 

a 


JUNCTION CAPACITANCE F 

WJ 


JUNCTION WIDTH CH 

0* 1056C-04 

WJ 


JUNCTION WIDTH CM 

VC 


CONTACT POTENTIAL V 

0.37222+00 

VC 


CONTACT POTENTIAL V 

2D 


DCTECTOR IPPEDANCE ONI 

a <*JX¥T4f%* 
C . DWU.Y1DD 

ZD 


DETECTOR IPPEDANCE ONI 

ZF 


FEEDBACK HESISfOR IPPEDANCE ONI 

0.54662+09 

ZF 


FEEDBACK RESISTOR IPPEDANCE ONI 

PD 


»;T, PHASE ANGLE RAD 

0.6213E-14 

PD 


DCT. PHASE ANGLE RAD 

PF 


FDB< RESISTOR PHASE ANGLE RAD 

0.82942-18 

PF 


FDBK RESISTOR PHASE ANGLE RAD 


0.2304C+09 

0.1050E407 

0.3722E400 

0.5177E-09 

0.1056E-0X 

0.3722E+00 

0.6O0GE40G 

0.S466E+09 

0.6213C-14 

0.B294E-1B 


A2 - 
IS ' 
IT - 
VRF- 
VBG- 
VJH- 
VPA' 
VT - 
R • 
fCP- 


TWAfSIfPEDANCE OHN 
STOOL PHOTCCLPRENT a 
total" BKGD PHOTOCXRRENT R 
FDBK RESISTOR NOISE V/HZ**.S 
BACKGROlfE) NOISE V/HZ**» 
JCN190N NOISE V/KZ**.5 
PREAPP NOISE V/HZ**.S 
TOTAL NOISE V/HZ**.5 
RESPONSIVITY V/W 
NOISE EQUIVALENT POWER U/HZ**.5 


DSTAR ■ CMHCw.5^4 


0. 2651E+10 
9.2141E-99 
0.2919E-09 
0.7880E-05 
0.2S64C-04 
0. 1124E-04 
0. 1230E-0S 
0.2311E-O4 
0.8770E+10 
0.3319E-14 
0.2034EYI4 


AZ • TRAP6IMPEDAKE ONI 

IS * SIGNAL m3TCul«SXT A 

IT ■ TOTAL BKGD PHOfOCLRRENT A 

VRF- FDBK RESISTOR NOISE V/KZ**.S 

VEG' BACKGROUND NOISE V/HZ**>5 

VJN' JONGON NOISE V/HZw.S 

VPA' PREAMP NOISE V/KZ**.5 

VT • TOTAL NOISE V/HZ**.S 

R ■ RESPOreiVITY V/W 

MP. NOISE EQUIVALENT POWER W/HZW.5 

DSTAR - CMM<Z»,5/W 


0.2SS1E+10 

0.2141E-09 

0.6134E-09 

0.83SBE-0S 

0.3716E-04 

0.1124E-04 

0.123BE-05 

0.3973E-04 

0.077BE+10 

0.4530E-14 

0.1490E+14 


PV HGCDTE DETECTOR PERFORMANCE CHANCL 16 00/ 168/STD ,.PV HGCDTE OCTECTOR PERFORMANCE CHANCL 16 &a/lB0/STD 


CH 

CHANCL MHO? 

0. 1600E432 

HD 

DETECTOR HEIGHT CM 

0.5300001 

WD 

DCTECTOR WIDTH CM 

0.B600E-01 

T 

DCT. TOP. K 

0.0000C432 

CS 

DCT. STRAY CAPACITANCE F 

0.600OE-11 

RS 

DCT. SHUNT RESISTANCE ONI 

0. 1050C407 

X 

MOLC FRACTION 

0.27071+00 

VB 

BIAS VOLTAGE V 

0.0000e+00 

EC 

BAND GA" ENERGY EV 

0,2040000 

HI 

INTRINSIC CCNC. CM*»-3 

0.24012+05 

HR 

ACCEPTOR CONC, CM*»-3 

0,20002+16 

HD 

DONOR CARRIER CONC. CM**-3 

0.50eae+i7 

MU 

ELECTRON MOBILITY CM**2/V/S 

0.1040E+05 

MUH 

HOLE MOBILITY CM**Z/V/S 

0.27302+03 

ETA 

QUANTUM EFFICIENCY 

0,75002+00 

TAU 

CARRIER LIPETIPC S 

0.50002-06 

NUP 

PEAK WAVEMMBER 1/01 

0.18282+04 

QBG 

BKGD PHOTON PUIK DENSITY P/OT**2/S 

0,53402+12 

QS 

SGN_ PHOTON FLUX DENSITY P/CM*»2/S 

0,33102+12 

KAPPA - DIELECTRIC CONSTANT 

0. 13542+02 

RF - 

FEEDBACK RESISTAPCE ONI 

0.10002+10 

CF • 

FEEDBACK CAPACITACE F 

0.30002-12 

VP - 

PREAPP NOISE (IPPUT) V/HZM.5 

0. 28002-00 

AO - 

OPEN LOOP GAIN OF PREA1P 

0.10002+04 

TRF- 

FEEDBACK RESISTOR TOP K 

0. 16002+03 

FC • 

CHOPPING FREQUENCY HZ 

0.44002+03 

RO - 

DIODE DARK RESISTANCE BIAS'0 ONI 

0.23042+09 

RA • 

R(0)»A PRODUCT 0NKMM2 

0. 1050C+07 

VJ - 

JUNCTION POTENTIAL V 

0.36052+00 

CJ - 

JUNCTION CAPACITANCE F 

0.52032-09 

UJ - 

JUNCTION WIDTH CM 

0,10502-04 

VC - 

CONTACT POTENTIAL V 

0,36052+00 

ZD - 

DETECTOR IPPEDANCE CHI 

0.68522+06 

ZF - 

FEEDBACK RESISTOR IPPEDANCE ONI 

0.54662+09 

PD - 

DCT. PHASE RNGLE RAO 

0.62442-14 

PF - 

FDBK RESISTCR PHASE ANGLE RAD 

0.82942-18 

AZ - 

TPAICItPEDRPCE ONI 

0.27032+10 

IS - 

SIGNAL PHOTOCUF55ENT A 

0.21412-09 

IT • 

TOTAL BKGD PHOTOCLPRENT A 

0.29242-09 

VRF- 

FDBK RESISTCR NOISE V/HZ**,S 

0.80342-05 

VBG- 

8ACKGRCU® POISE V/HZ**>5 

0.26162-04 

VJM- 

JCN60N NOISE V/HZ«.5 

0.11842-04 

VPA- 

PREAPP NOISE V/HZ«,5 

0.12422-05 

VT - 

TOTAL NOISE V/HZw.5 

0.29852-04 

R - 

RESPONSIVITY V/W 

0.89432+10 

rcp- 

NOISE EQUIVALENT PCLER M- HZ**. 5 

0.33372-14 

DSTAR 

■ CH*HZ**.5/W 

0.20232+14 


CH 

CHANCL NUMBER 

0, 16002+02 

HD 

DETECTOR REIGHT CM 

0.53002-01 

WD 

DETECTOR WIDTH CM 

0.86002-01 

T 

DCT. TEPP. K 

0.80002+02 

CS 

DCT. STRAY CAPACITANCE F 

0.60002-11 

RS 

DECT. SHNT RESISTANCE ONI 

0.10502+07 

X 

MOLE FRACTION 

0.270 72+00 

VB 

BIAS VOLTAX V 

0.00002+00 

2G 

BAPO GAP ETCRGY EV 

0.20402+00 

NI 

INTRIP6IC CONC. CM**-3 

0.24812+05 

m 

ACCEPTOR CONC. CM**-3 

0.20002+16 

HD 

DONOR CARRIER CONG. CMW-3 

0.50002+17 

MU 

ELECTRON NOBILITY CM**2A'/S 

0. 18402+05 

MUH 

POLE MOBILITY CH«2/V/S 

e. 27302+03 

CTA 

QUANTUM ETFICIEMCY 

0.75002+00 

TRU 

CARRIER LIPETIPC S 

0.50002-06 

NUP 

PEAK WASCMJPISER S/CM 

0.18202+04 

QBG 

BKGD PROTON FLUX DENSITY P/CM**Z/S 

0.11202+13 

C6 

SON. PHOTON FLUX DENSITY P/CP***2/S 

0.39102+12 

KAPPA • DIELECTRIC CONSTANT 

0.13542+02 

RF • 

FEEDBACK RESISTANCE OHM 

0. 10002+10 

CF - 

FEEDBACK CAPACITACE F 

0.30002-12 

VP • 

PREAPP POISE (IPPUT) V/HZ**.5 

0.28002-08 

80 • 

OPEN LOOP GAIN OF PREAMP 

04 10002+04 

TRF - 

FEEDBACK RESISTOR TE)P K 

0.18002+03 

FC - 

CHOPPING FREQUENCY HZ 

0.44002+03 

RO - 

DIODE DARK RESISTANCE BIAS'0 ONI 

0.23042+09 

RA - 

R<0>»A PRODUCT 0N1*CM**e 

0,10502+07 

VJ - 

JUNCTION POTENTIAL V 

0,36852+00 

CJ ■ 

JUNCTION CAPACITANCE F 

0.52032-09 

WJ • 

JUNCTION WIDTH CM 

0.10502-04 

vc - 

CONTACT POTENTIAL V 

0.36852400 

ZD - 

DETECTOR IPPEDANCE ONI 

0.68522+06 

ZF • 

FEEPBACK RESISTCR IPPEDANCE CPri 

0.54662+09 

PD - 

DCT. PHASE ANGLE RAO 

0.62442-14 

PF - 

FDBK RESISTOR PHASE ANGLE RAD 

0.82942-10 

AZ - 

TRANS IPPEDANCE ONI 

0.27032+10 

IS - 

SIGNAL PHOTOCURRENT A 

0.21412-09 

IT - 

TOTAL BKGD PPOTOOJRRENT A 

0,61342-09 

VRF- 

FDB< RESISTOR POISE V/HZ**.5 

0. 85222-05 

VBG- 

BACKGROf© NOISE V/HZ**» 

0.37892-04 

VJH- 

JOPNSON NOISE V/HZ**.5 

0.11842-04 

VPA- 

PREAPP NOISE V/HZ**.5 

0. 12422-05 

VT - 

TOTAL POISE V/K2M.5 

0,40622-04 

R - 

RESPOSIVITY V/W 

0.89432+10 

rep- 

NOISE EQUIVALENT POACR WM1Z**.S 

0.45422-14 

DSTAR - OMZW.M 

0. 14862+14 


Table F-6 (CH 19) 


fv i nsb ectectcr mrcfinma : ante . 19 75/igo/std 


ORIGINAL PAGE IS 
OF POOR QUALITY 


PV INSB CCTECTCR POTOWMCE emtCL IS 7S/IB0/STD 


CH - CHANEL MU-fflER 
tf) • ccrrcTOR height cm 
wd • detector width cm 

r • DCT. IOT, K 

CS • CCT. STRAY CAPACITAMCE r 

PS • DCT. sum RESISTANCE CHI 

VB * BIAS VOLTAIC V 

ES ■ 8AMO GAP DCRGY cv 

NI - INTRINSIC core. CM**-3 

m • acceptor core, cw **-3 

ND ■ DOT OR CARRIER COMC, CM*-. -3 

rw - ELECTRON MOBILITY CMH..2/V/S 

rtH* HOLE MOBILITY Ot*«2/V/S 

CTfl- OUANTUM EfTICIETCY 

TAJ- CARRIER LinCTIMC S 

f *P - PEAK HAVENMBER 1/01 

0B5- B<GD PHOTON PLUX DENSITY P/C M**2/S 

06* SGTt PHOTON FLUX DENSITY P/CM**2/S 

kappa - DIELECTRIC CONSTANT 

Z ■ PEED BACK RESISTANCE 0H1 
CP • PEEDBACX CAPACITACE P 
VP • PREAMP MOISE (IMPUT) V/HZ**.5 
HO • OPEN LOOP CAIN OP PREAMP 
TRP- PEEDBACX RESISTOR TEMP K 
FC • CHOPPING PREOLENCY HZ 

RO ■ DIODE DARK RESISTANCE BIAS-0 OHM 

RA - R(0)*A PRODUCT 0HM*CM**2 

VJ • JLMCTICN POTENTIAL V 

CJ ■ JUNCTION CAPACITANCE F 

UJ • JUNCTION WIDTH CM 

VC • CONTACT POTENTIAL V 

ZD • DETECTOR IMPEDAMCE 0M1 

V • PEEDBACX RESISTOR IMPEDAMCE 0H1 

PD ■ OCT. PHASE ANCLE RAD 

PE ■ FDBK RESISTOR PHASE ANGLE RAD 

AZ ■ TRANS IMPEDAMCE 0H1 

IS • SIGNAL PMOTOCLRWm A 

IT - TOTAL B<GD PHOTOORRENT A 

VRF- FDBK RESISTOR NOISE V/HZ**.5 

VBG- BACXGROUMC NOISE V/HZ»*>5 

VJN- JOHNSON NOISE V/HZ«*.5 

VGR- GEN-RECONB NOISE V/HZM.5 

VPA- PROW NOISE V/HZm.S 

VT ■ TOTAL NOISE V/KZM.5 

R ■ RESPONSIVITY V/W 

rep- noise equivalent power wi/kz**.s 

DSTAR . CM*KZ**.5/W 


0.I9O0EH3Z 

0.53O0E-0I 

O.I096C*00 

0,7SOOEh«2 

0.600OC-U 

0. 1O50E107 

0, 0O0OC+00 

O.Z2G7E100 

0.160ZE+10 

0. I0O0EM0 

0.S0O0E+15 

0.B000CKK 

0. 5GO0E+&4 

0.O0OOE100 

0.S000E-06 

0.Z032EM04 

0. 7480E+19 

0.3940EM0 

0. 17Z0E+CZ 

0. 10OOE+10 
0.3O00E-I2 

a.zeoee-fle 
0. 100OE+O4 
0. 160CEH33 
0.440OE+03 

0. 1006E+09 
0. 1849C+07 
0. 197SEHJ0 
0.10Z0E-09 
0, 9673E-04 
0. 1978E100 
0.32S8E*07 
0. 5466C+09 
0.1562E-14 
0.8294E-1B 

0.6556E*e9 
S.2933E-11 
0.5S69E-U 
0.1949E-05 
0. 8758E-06 
0.2ZZ0E-05 
0.Z220E-0S 
0.3906E-06 
0. 3019C -05 
0. Z082E+10 
0.I834E-14 
0. 4I5SE+I4 


OI » CHANEL fLNBER 
HD • CCTECTCR HCIOCT CM 
W> • CCTECTCR WIDTH CM 
T • DCT, TOP, K 

• OCT, STRAT CAPACITAreE T 
re • Oct. snm RcsisTArec ohi 
VB • BIAS VOLTAGE V 
EG * BfND GAP OCRGY CV 
NI • INTRINSIC Cae, CM**-3 
NA • ACCEPTOR COre. CM**-3 
r« • OCTCR CARRIER core, CM** -3 
HI • OECTRCN MOBILITY Crt**2/V/S 
MLH* HXE MOBIL tty CM—Z/V/S 
CTR- QUANTU1 EPr ICIGNCY 
TAU- CARRIER LIFETIME S 
HP- PEAK WAVDtMBER I/CM 
QBG- BKGO PHOTON PU£< DENSITY 
OS ■ SGN. PHOTON FLUX DENSITY 
KAPPA • DIELECTRIC CONSTANT 


P/01--Z/S 

P/CM**2/S 


re • feedback resistanx chi 

cr ■ FEEDBfCK CAPACITACE P 

vp • preamp reisc nrpuT) v/hz**.s 

«0 • OPEN LOOP GAIN OP PREAMP 
TRP- FEEDBACK resistor temp k 
rc - CHCPPING FREQUENCY HZ 


RO 

RA 

VJ 

a 

UJ 

VC 

ZD 

zr 

PO 

FT 


■ reSISTANCE BIAS-0 OKI 

• R!0)*A PRODUCT CHKM*»Z 

• JUeriON POTENTIAL V 

■ junction cpPAciTArer p 

■ JUeTION WIDTH CM 

• CONTACT POTENTIAL V 

■ ocTECTOR impedamce ohi 

1 EEEDBACX RESISTOR IMPEDANCE OKI 
1 DCT, PHASE ANGLE RAD 
EDB< RESISTOR PHASE ANGLE RAD 


AZ - TRArCIrPEEANCE OKI 

IS • SIGN*. PHOTOCLRRENT A 

Ijr • TOTAL BKGD PHOTOCURRENT A 

VRF- PDU< RESISTOR NOISE V/HZ**,S 

VBG- BACXGROND NOISE V/HZ*»>5 

VJN- J0H6ON NOISE V/HZw.S 

V®- CEN-RECOMB NOISE V/HZ**.S 

VfA- PREAMP NOISE V/HZ».5 

VT » TOTAL NOISE V/HZ**.5 

R - RESPONSIVITY V/W 

'«?• WISE EQUIVALENT POWER U/KZ...5 

DSTAR - CM*HZ**, 5 'W 


0.19O0CHQ2 

0.53O0E-01 

0. 1096C*00 

O.7S0OC10Z 

0.6000E-U 

0.1050E+07 

0.OOOOC-O0 

0.2267EW00 

0. 16Q2E* 10 

0.100OC+10 

0,50OOE*I5 

0. 0O00E+05 

0.500OC404 

0.BOOOE+0O 

0.5OQOC-06 

0.2O32E*O4 

0.1S7OEM1 

0.394CCM0 

O.I720CH32 

0. 1000CH0 
0.30f'r:-ia 
0.Z0t-/-0O 
0, 1000C104 
0, IS00E103 
0.4400E403 

0. 10O6E+09 
0.105OE107 
0.1970E10O 
0.I020E-09 
0.B673E-04 
0. 1978E+0O 
0.3Z08E407 
0.S4SEE409 
0. 1S60E-14 
0,aZ94E-IB 

8.6556C-63 
0.Z933E-II 
0.U69E-10 
0.Z067E-0S 
0. 1Z69E-05 
0.ZZ19E-0S 
0.2219E-05 
0.39O8E-0S 
0.3986E-0S 
0.Z0B2E+10 
0.1915E-I4 
0.3901Etl4 


PV INSB DETECTOR PERPORMAreE OtttCL 19 80/160/STD 


PV INSB DETECTOR PERFORMANCE QYKCL 19 0O/1B0/STD 


r 

OKI 


CH - CHAHCL NUMBER 
HD • DETECTOR HEIGHT CM 
WD • CCTECTOR UIDTH CM 
T • DET. TEMP. K 
CS • CCT. STRAY CAPACITANCE 
re • KT. SPUR RESISTAreE 
VB • BIAS VOLTAGE V 
EG ■ BAND GAP EMCRGY EV 

ni • iNTRiceic cae. cm»*-3 

NA - ACCEPTOR COMC. CM»*-3 
ND - DOtOR CARRIER COMC. CM14.-3 
MJ • ELECTRON MOBILITY CM»*2/V/S 
tlH- HOLE MOBILITY CM' -2/V/S 
ETA- QUBNTU1 EJTICIEMe 
TAU- CARRIER LIFETIME S 
tLP- PEAK WAVOtmj? 1/CM 
OBG- B<GD PHOTON PUIX DENSITY P/CM--2/S 
OJ* OCNSITY P/CM»*Z/S 
KAPPA • DIELECTRIC CONSTAMLT 

re - PODBACX RESISTANCE OKI 
CP - FEEDBACK CAPACITACE P 
VP ■ PREAMP NOISE UMPUT) V/HZ...S 
AO • OPEN LOOP GAIN OP PREAMP 
TRP- FEEDBACK RESISTOR TEMP K 
PC • CHOPPING FREQUENCY HZ 


RO 
RA 
VJ 
CJ 
WJ 
VC 
ZD • 
ZF . 
PD ■ 
PF . 


■ DIODE EPRK RESISTAMCE BIAS-0 OKI 
' R(0)*A PRODUCT CH1*CM»«2 
' JIKCTION POTENTIAL V 
JUNCTION CAPACITAMCE F 
•JUNCTION WIDTH CM 
CONTACT POTENTIAL V 
DETECTOR IMPEDANCE OKI 
TCOWeK RESISTOR IMPEDAfeE OKI 
DET, PHASE ANGLE Rf® 

PDBK RESISTOR PHASE AMGLE f»D 


TRAMCIMPEDAMCE OKI 
SIGNAL FHDTOQjRREMMT A 
TOTAL. BKGD PHOTOCLRRENT A 
FDB< fESISTOR NOISE V/HZ*.,5 
BACXGROUO NOISE V/HZ«»> S 
JOHNSON NOISE V/KZ*«.S 
GEMt-RECOMB MOISE V/HZ«*.S 
PREAMP NOISE V/HZ...5 
TOTAL NOISE V/HZ«*.5 
RESP0M61VITY V/W 
'J?' WISE EOUIVPLENT POWER U/HZ... 
DSTAR ■ CM-HZ-- . 5/U 


AZ 

IS 

IT 

VRF 

VBG 

VJN' 

VGR' 

W>A' 

VT ■ 

R 


0. 190DC10Z 

0. 53GOC-01 

0. I096C+O0 

0. eoooc+oz 

O.60OOE-U 
0. I05GE+07 
0.OO00E-00 
0. 226 7E 100 
0.5281E-M0 
0. 1000E-HB 
0.50O0EM1S 
0.B000E105 
0.5000E104 
0. B00OE+00 
0. 50O0E-06 
0.2032E104 
0.747OE+10 
0.394OE110 
0. 1720E+02 

0. 100OE+10 
0.300BE-12 
0.2800E-0G 
0. 1000E+04 
0. 1600E+03 
0.4400E+03 

0, I800E-09 
0. 15S0E-KJ7 
0. 194SEM00 
0.I029E-09 
0.B601E-04 
0. 1945E-00 
0.3263E197 
0. S466E+09 
0.1573E-14 
0.B294E-I8 

0.6567E+09 
0.2933C-1I 
0.SS6IE-II 
0.1952E-0S 
0.B76SE-06 
0.2296E-0S 
0.2H96E-0S 
0.4015E-06 
0.3909E-05 
0. 2085E+10 
0. 1874E-14 
O.4066C+14 


CH ■ CHAM CL MEMBER 
T® • DETECTOR HEIGHT CM 
HD - DETECTOR WIDTH CM 
■ DET. TEMP. K 
' DET. STRAY CAPACITANCE F 
' DET, SHim RESISTAMCE OHM 
' BIAS VOLTAGE V 
1 WHO «P EMCRGY EV 
INTRIM6IC COMC, CM»»-3 
acceptor core. cmh .-2 

OOMCR CARRIEJ? core. CMH.-3 
NJ ■ ELECTRON NOBILITY CM~2/V/S 
MLH- HOLE MOBILITY CMM2/V/S 
ETA- QUAMTTLM1 EFFICIEMCY 
TAU- CARRIER LIFETIME S 

N-P- peak hwvenmber i/cm 

OBG- B<GD PHOTON FLUX DENSITY 
OS - SGMC PHOTON FLUX DENSITY 
KAPPA • DIELECTRIC CONSTAMTT 


T 

CS 

RS 

VB 

EG 

NI ' 

NA . 

ND 


P/CM*»2/S 
P/CM* -2 /S 


re • FEEDBACK RESISTANCE OHM 
CF ■ FEEDBACK CAPACITACTi F 
^ ‘ SS**” N0ISe <IN=UT) V/HZ**.S 
AO ■ OPEN LOOP GAIN OF PREAMP 
Tre- FEEDBACK RESISTOR TEMP K 
FC ■ CHCRPIMe FREOUEMCY H1Z 

RO ■ DIODE DARK RESISTAMCE BIAS-0 OHM 
RA - R(0>«( PRODUCT 0HM*CMt**2 
VJ - JLMCTION POTENTIAL V 
CJ • JLMCTION CAPACITANCE F 
W ■ JLMCTION WIDTH CM 
VC - COMPACT POTENTIAL V 
20 - DETECTO'/I IMPEDANCE OHM 
TO S^^^SISTOR IfPEDANCE OKI 
TO - DET. PHASE ANGLE Rf® 

PF ■ FDB< RESISTOR fKASE ANGLE RAD 

AZ * TRAMEIMPEDAMCE OHM 
IS • SKJPL PHOTOCLRRENT A 

JOIAE B<GD PHOTOCLRRENT A 
yre- PDBK RESISTOR MOISE V/HZ**.S 
VBG- BACKGROUND NOISE V/HZ**>5 

ym- joKeoN noise v/hz**.s 

JS* S^ COf1E N!)IS 0 V/HZM.S 
VPA- PREAMP MOISE V/HZ**.S 
VT - TOTAL MOISE V/HZ**.S 
R • RESPONSIVITY V/W 

'O’* EQUIVALENT POWER I4/HZ...5 
OS.AR • CM*HZ**.S/W 


0. 19OOE«02 

0.S3O0E-01 

0. 1896EH30 

0.80OOE+02 

0.6OOOE-1I 

0. 10S0E+07 

0.0GOOE+00 

0.H267E+00 

0.52S1E+10 

0.ieO0E«l0 

0.5O00E+15 

0.BO0BE406 

0.5O00EKM 

0.B000E-00 

0.50O0C-06 

0.2032E+04 

O.I570E*11 

0.3940E+1B 

0. 1720EHE 

0. 100BE+I0 
0.3O00E-12 
0. 2800E-4S0 
0.10O0E+04 
0. 100GEH33 
0.4400E-M03 

0.iaaeE+09 
0.I050E407 
0. 1945E+00 
0. 10Z9E-09 
0. 860 IE -04 
0. 1945E+00 
0.3263EHC7 
0.S466E-H09 
0. 1S73E-14 
0. 8294E-1S 

0. 6567E+09 
0. 2933E-1 1 
0. 1169E-I0 
0.2070E-0S 
0.127IE-05 
0.2296E-0S 
0.2296E-0S 
0.4015E-06 
0.4074E-0S 
0.208SE+10 
0. 1954E-14 
0.3901E+14 
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Table F-6 (CH 25) 


WVTf/ , • ■ T> V ■ 


PV INSB DCTCCrCR PCRram«X OmCL 25 7S/160/STD 


PV I MSB DCTCCTOR IWOPnard. CH«#CL 25 75/180/STD 


CH • Oflia llJKBGR 
H3 • DCTECTOR KCIGKT CM 
MD • CCTECTCfl WIDTH CM 
. T • CCT, TOT, K 
CS • DCT. STHflY CflPTCITfHX F 
RS ■ DCT. SHUNT RESISTANCE CHI 
VB • BIBS VOLTAGE V 
EG < BAND GAP OCRGY CV 
MI • INTRIrSIC CCK. CH..-3 
NA • ACCEPTOR COMO. CM.»-3 
MD • DONOR CARRIER CCtC. Q+**-3 
MU * ELECTRCM MOBILITY Crt**H/V/S 
MIX* HOLE MOBILITY CM*»2/V/S 
ETA- 0UAMIU1 EFFICIENCY 
TAU- CARRIER LIFETIME S 
NLP- PEAK inVENTBER 1/CM 
OBG- EKGD PHOTON FLUX DENSITY P/OW/S 
OS ■ SGM. PHOTON FLEX DOSITY P/CM--2/S 
KAPPA ■ DIELECTRIC CONSTANT 


0.25OOEHS2 
0 . 530 a; -01 
O.79OOC-01 
O.750OC+02 
O.MaE-ll 
0.1050CT07 
0.O00OC400 
8.2267E4O0 
0. 16&X- 10 
0.10O0C410 
0.5OOOC-H5 
0.0000E405 
0.5O0OC404 
0.S0O0E+00 
0.S0O0E-0S 
0.2032E404 
0.117OC+I2 
0.1100E+I2 
0. 1720E+02 


CH 

HO 

HD 

T 

CS 

RS 

VD 

EG 

HI 

HA 

I® 

MU 

MX 

ETA' 

TAU‘ 

NLP 

OBG 

OS 


KAPPA ■ DIELECTRIC CONS t ANT 


CHHCL liJMDER 

DETECTOR ICICHT CM 

DCTECTCR WIDTH CM 

OCT. TOP. K 

DET STRAY CAPACITANCE F 

K.T. SMXT rESISTR-XX 0H1 

BIAS VOLTAX V 

DAT® GAP PERCY EV 

INTRINSIC CONC. CM*»-3 

ACCEPTOR CONC. CM«»-3 

DONOR CARRIER CONC. CM*»-3 

ELECTRON MOBILITY CM«*2/V/S 

HOLE MOBILITY CM»»2/V/S 

0UANIU1 EFFICIENCY 

CARRIER LIFETIME S 

PEAK MAVO EMBER 1/01 

BKGD PHOTO! FLUX DENSITY P/CM--2/S 

SGTt. PHOTO! FLUX DENSITY P/01««2/S 


0.25OOEt02 

0.S3OOE-01 

e.Tseoc-oi 

O.T'SOA £*02 
o,60oa:-ii 
0.I0S0E407 
0.0P3OC!00 
0.22S7E*00 
0. 16O2E+10 
0. 10OOE+10 
0.5000C415 
0.80O0C40S 
0.5000C404 
0.0000E400 
0.5000E-06 
0.2032C+04 
0.1320E+I2 
0. 1 10OE+12 
0. 1720E402 


r r 

FEEDBACK RESISTANCE <*t1 

0. 1000E+J0 

cr 

FEEDBACK CPPACITAC Z F 

0. 3000E-12 

VP 

PREArf* HOISE UfPUT) V/KZ**,5 

0. 2800E-00 

AO 

OPEN LOOP GAIN OF PROW 

0. 1000E404 

TRT 

FEEDBACK RESISTOR TEH 3 K 

0.1G00E+03 

FC 

CHOPPING FREQUENCY HZ 

0.4400EH13 

RO 

DIODE DA RX RESISTANCE BIAS-0 CHI 

0.2480E*09 

RA 

R(0)*A PRODUCT 0H*O1«*2 

0. 1&49E+07 

VJ 

JUNCTION POTENTIAL V 

0. 1970E400 

CJ 

JUNaiON CAPACITANCE F 

0.7420E-10 

WJ 

JlNCTION WIDTH CM 

0.8673E-04 

VC 

CONTACT POTENTIAL V 

0, 1970E100 

ZD 

DETECTOR IhPEDANX CW 

0.442SE+07 

ZF 

FEEDBACK RESISTOR IMPEDANCE OKI 

0.5466E409 

PD 

DET. PHASE ANGLE RAD 

0.B281E-15 

PF 

FDBK RESISTOR PHASE ANGLE RAD 

0.82S4C“10 

AZ 

TRANS I JPE DANCE 0H1 

0.6237E409 

IS 

SIGNAL PHOTOOJRFtNf A 

0.5yS2E-i 0 

IT 

TOTAL BKGD PHOTOCURRENT A 

0.6342E-10 

VRF 

FDBK RESISTOR NOISE V/HZ**. 5 

0.18S4E-05 

VBG 

BACKGROUND NOISE V/HZ** >5 

O.2811E-0S 

vj n 

JOHNSON N0I5E V/KZ**,5 

0. 1002EH3S 

VGR 

GEN-RECOMB NOISE V/HZ**. 5 

0.1B02E-05 

VPA 

PREAfP WISE V/HZ**, 5 

0, 3076E-06 

VT 

TOTAL NOISE V/KZ**.5 

0.4235EH55 

R 

RESPONSIVITY V/W 

0* 1901E+10 

hCP 

NOISE EQUIVALENT POWER U/HZ**.5 

0. 2130E-14 

DSTAR - Crt»HZ«*.5/W 

0, 3042E* 14 

PV INSB DC TEC TOR PCRFORNATCE CHAHCL 25 

80/J60/STD 

CH • 

CHANEL MLNBER 

0.2S00E402 

HD - 

DETECTOR HEIGHT CM 

0.5300E-01 

UD • 

DCTECTCR WIDTH CM 

0.7900E-01 

T • 

DCT. TOP. K 

0.0000E+02 

CS - 

DCT. STRAY CAPACITANCE F 

0.6000E-U 

RS - 

DET. SHUNT RESISTANCE 0H1 

0. 1B50E+07 

VB • 

BIAS VOLTAGE V 

0.0O0OC+00 

EG - 

BAND GAP DCRGY EV 

0.2267E+00 

HI • 

INTRINSIC CONC. CM**-3 

0.5261E+10 

f«A - 

ACCEPTOR CONE. CM** -3 

0, 1000E+10 

ND - 

DONOR CARRIER CONC. CM** -3 

0. 5000015 

MU • 

ELECTRON MOBILITY CM**2/V/S 

0. 0000E+05 

MUH- 

HOLE NOBILITY CM**2/V/S 

0. 500GE+04 

ETA- 

QUANTUM EFFICIENCY 

0.8000E100 

TAU- 

CARRIER LIFETIME S 

0, 50Q0E-06 

NJP- 

PEAK WAVENUMBER 1/CM 

0.2032E*04 

OBG- 

BKGD PHOTON FLUX DENSITY P/CM**2/S 

0. S170E+12 

GS • 

SOU PHOTON FLUX DENSITY P/CM**2/S 

0. 1100E*IH 

KAPPA - DIELECTRIC CGNSTAffT 

0. 1720C*02 

RF - 

FEEDBACK RESISTANCE OHl 

0. 1000E+10 

CF - 

FEEDBACK CAPACITACE F 

, 0. 3G00C-12 

VP - 

PREAfP NOISE (IfPUT) V/HZ**.S 

0, 2900C-00 

AO • 

OPEN LOOP GAIN OF PREAMP 

0. 10O0EHM 

TRF- 

FEEDBACK RESISTOR TEMP K 

0, 1600C*03 

FC - 

CHOPPING FREQUENCY HZ 

0.4400EN33 

RO - 

DIODC DARK RESISTANCE BIAS-0 OHM 

0.2403C+09 

RA - 

R(0)*A PRODUCT OKI *01**2 

0.10S0E+07 

VJ - 

JUNCTION POTENTIAL V 

0. 1945C400 

CJ - 

JUNCTION CAPACITANCE F 

0.7490E-10 

WJ - 

JUNCTION UIDTH CM 

0.0601E-04 

VC - 

CONTACT POTENTIAL V 

0. 1945E*00 

ZD • 

DETECTOR IfPEDANCE 0H1 

0.4392E+07 

ZF - 

FEEDBACK RESISTOR IfPEDANCE OKI 

0.5466C+09 

PD - 

DET. PHASE ANGLE RAD 

0.0341E-S5 

PF - 

FDBK RESISTOR PHASE ANGLE RAD 

0.0294E-I0 

AZ - 

TRANS IfPEDANCE 0H1 

0.6243E409 

IS - 

SIGNAL PHOTOCURRENT A 

0.5962E-10 

IT - 

TOTAL BKGD PHOTOCURRENT A 

0.&342E-10 

VRF- 

FDBK RESISTOR NOISE V/HZ**. 5 

0.1056E-05 

VBG- 

BACKGROUND NOISE V/HZ** >5 

0.2014E-05 

VJN- 

JCHGON NOISE V/HZ**.S 

0.1062E-0S 

VGA- 

GEN-RECOMB NOISE V/HZ**,S 

0, 1062EH05 

VPA- 

PREflFP NOISE V/HZ** . 5 

0.3096E-06 

VT • 

TOTAL NOISE V/HZ**. 5 

0.4289E-«5 

R - 

RESPONSIVITY V/W 

0. 1903E*10 

rcp- 

NOISE EQUIVALENT POWER W/HZ**.5 

0.2163E-14 

DSTAR 

- CM*HZ**,5/W 

0.300&E*14 


RF 

FEEDBACK RESISTANCE OKI 

0. 1000C+10 

CF 

FEEDBACK CAPACITAX F 

0.30000-12 

VP 

PREPM 3 NOISE UfPUT) V/HZ**. 5 

0.2000E-0Q 

AO 

OPCN LOOP GAIN OF PREAff 3 

0.1000E404 

TRF 

FEEDBACK RESISTOR TEFP K 

0. 100OE403 

FC 

CHOPPING FREQUENCY HZ 

0.4400C+0 3 

RO 

DIOX DARK RESISTANCE BIAS-0 0H1 

0.240X409 

RA 

R(0)*A PRODUCT OhP^CM**2 

0.1050E407 

VJ 

JUNCTION POTENTIAL V 

0.1978E400 

CJ 

JITUTION CAPACITANCE F 

0.742QE-10 

WJ 

JUNCTION WIDTH CM 

0.0673E-04 

VC 

CONTACT POTENTIAL V 

0. 1970E400 

ZD 

DETECTOR IMPEDANCE OKI 

0.442SE4 07 

ZF 

FEEDBACK RESISTOR IMPEDANCE OKI 

0.5466E+09 

PD 

DCT, PHASE ANGLE RAD 

0.8271E-15 

PF 

FDBK RESISTOR PHASE ANGLE RAD 

0.B294E-10 

AZ 

TRANS IMPEDANCE CHI 

0.6237E409 

IS 

SIGNAL PHOTOCURRENT A 

0.5962E-10 

IT 

TOTAL BKGD PHOTOCURRENT A 

0.7155E-10 

VRF 

FDBK RESISTOR NOISE V/HZ**. 5 

0 1966E-05 

VBG 

BACKGROUND NOISE V/HZ** >5 

0.29G6E-05 

VJN 

JCHGON NOISE V/HZ**, 5 

0.1901E-05 

VGR 

GEN-RECOMB NOISE V/HZ**. 5 

0, 1001E-05 

VPA 

PREAf-P NOISE V/HZ**. 5 

0. 3076E-06 

VT 

TOTAL NOISE V/HZ**. 5 

0. 4401C-05 

R 

RESPONSIVITY V/W 

0.1901E+10 

fCP 

NOISE EQUIVALENT POWER W/HZ**.5 

0.2222E-14 

DSTAR * CM*HZ»*.5/W 

0, 2927E+14 

PV 

MSB DETECTOR PERFORMANCE CHNfCL 25 

BQ/IQQ/'STD 

CH 

CHfiNCL f UMBER 

0.2500C402 

HD 

XTECTOR HEIGHT CM 

0.53O0E-01 

WD 

DETECTOR WIDTH CM 

0.7900E-01 

T 

XT. TEM 3 , K 

0.9000E+02 

CS 

DCT. STRAY CAPACITANCE F 

0.6O00E-11 

RS 

DCT. SHUNT RESISTANCE CHI 

0.1050E407 

VB 

BIAS VOLTAGE V 

0.00Q0E400 

EG 

BAND GAP DCRGY EV 

0.2267E+00 

NI 

INTRINSIC CONC. CM** -3 

0.5201E4-10 

NA 

ACCEPTOR CONC. CM** -3 

0.100X416 

ND 

DONOR CARRIER CONC. CM** -3 

0.50O0E4-15 

MU 

ELECTRON NOBILITY CM**2/V/S 

0.00Q0E405 

MUH 

HOLE MOBILITY CM**2/V/S 

0.50O0E404 

ETA 

0UANTU1 EFT"ICIEKY 

0.0000C+O0 

TAU 

CARRIER LIFETIME S 

0.5000E-06 

NJP 

PEAK WAVOUJMBER 1/CM 

0.20 32E404 

QBG 

BKGD PHOTON FLUX DENSITY P/CM**2/S 

0. 1320E+12 

OS 

SGN, PHOTON FLUX DENSITY P/CM+*2/S 

0. 1 100E412 

KAPPA • DIELECTRIC CONSTANT 

0.1720E402 

RF • 

FEEDBACK RESISTANCE CHI 

0.1000E41O 

CF - 

FEEDBACK CAPACITACE F 

0.3000E-12 

VP • 

PREAf-P NOISE (IDPUT) V/HZ**. 5 

0.2000E-03 

AO • 

OPEN LOOP GAIN Of PREAMP 

0. 1000E404 

TRF • 

FEEDBACK RESISTOR TETP K 

0. 1800E403 

FC - 

CHOPPING FREOLOCY HZ 

0.4400C403 

RO - 

DIOX DARK RESISTANCE BIAS-0 OKI 

0.248X409 

RA • 

R(0)*A PRODUCT 0H1*CM**2 

0.10S0e*»07 

VJ - 

JUNCTION POTENTIAL V 

0. 194X400 

CJ - 

JUNCTION CAPACITANCE F 

0.7490E-10 

WJ - 

JUNCTION WIDTH CM 

0.060 IE -04 

VC - 

CONTACT POTENTIAL V 

0. 194X400 

ZD • 

DETECTOR IfPEDANCE CHI 

0. 439X407 

ZF * 

FEEDBACK RESISTOR IfPEDANCE 0H1 

0.54G6E409 

PD - 

DET. PHASE ANGLE RAD 

0.B341E-15 

PF - 

FDBK RESISTOR PHASE ANGLE RAD 

0.B294E-10 

AZ • 

TRANS IMPEDANCE OKI 

0.624X409 

IS • 

SIGNAL PHOTOCURRENT A 

0.5962E-1Q 

IT - 

TOTAL BKGD PHOTOCURRENT A 

0.715X-10 

VRF- 

FDBK RESISTOR NOISE V/HZ**. 5 

0. 1968E-05 

VBG- 

BACKGROUND NOISE V/HZ** >5 

0. 2989C-05 

VJN- 

JOHNSON NOISE V/HZ**. 5 

0, 1062E-05 

VGR- 

GEN-RECOMB NOISE V/HZ**. 5 

0. 1Q62E-05 

VPA* 

PREAfP NOISE V/HZ**. 5 

0. 3096E-06 

VT - 

TOTAL NOISE V/HZ**. 5 

0.4455E-05 

R • 

RESPONSIVITY V/W 

0.196X410 

HEP- 

WISE EQUIVALENT POUCR W/KZ**.5 

0.2247E-14 

DSTAR - CM*HZ**.5/W 

0.2895E+14 
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Table F-6 (CH 28) 


PV INSS ICTECTCR PEAFOWANCE CWCL 28 75'160^TD 


ORIGINAL PAGE IS 

PV USB DETECTOR fOTWmCE OM-ftOfi, QUALITY 


CH • 

OFT, CL fCMBCR 

Q, 2OO0C+GZ 

CH 

O Art CL NttfJCR 

0.2000C402 

HD - 

DETECTOR HEIGHT CM 

0.330OE-01 

te 

DCTECTOR HEIGHT CM 

O.53O0E-01 

m • 

DETECTOR WIDTH CM 

0.9IZ0E-01 

w> 

DETECTOR WIDTH CM 

0.S12OE-01 

r • 

OCT. TEW, K 

0.75O0C+02 

T 

DCT. TEMP. K 

0.7SO0E+03 

cs • 

DCT, STRAY CAPACITANCE F 

0.6O00E-11 

cs 

DCT. STRAY CAPACITANCE F 

8.60GGE-I1 

RS • 

DCT, STUNT RESISTANCE OKI 

B.IBSBE+O? 

RS 

DCT. SHUT RESISTANCE CHI 

0.1O50EW 

VB • 

BIAS VOLTAGE V 

O.00OQEF00 

VB 

BIAS VOLTAGE V 

0.0OCHC400 

EG • 

BAND GAP ocrcy ev 

0.2267E+W 

EG 

BAND GAP OCRCY EV 

0.Z267E400 

HI • 

INTRINSIC arc. CNW-3 

0.1G0ZE«I0 

MI 

INTRINSIC COfC, CMW-3 

0.1GOZE+1B 

NO - 

ACCEPTOR CONC, CM**-3 

0. 10O0E+18 

MA 

ACCEPTOR CONC. CNw-3 

0.I000EH0 

ND • 

DONOR CARRIER CCTC. CMw-3 

0.S0O0EP15 

NO 

DONOR CARRIER CONC, CM** -3 

Q.500QE+I5 

MU - 

ELECTRON MOBILITY CNw2/V/S 

0.SO00E+05 

MU 

ELECTRON MOBILITY CW+Z/V/S 

0.eOQQCH3S 

MUM- 

HOIX MOBILITY WMZA//S 

0.500OE<04 

PUT 

HOLE NOBILITY CT1W2/V/S 

0.S000C404 

ETA- 

ouantui cmciEMCY 

0.0OOOC+0O 

ETA 

OUArmtl EFFICIENCY 

0.SO00E-00 

TAU- 

CARRIER lifetime s 

0.5000E-06 

TAU 

CARRIER LIFETIME S 

0.S0O0E-O6 

MJP- 

PEAK WAVENUMBER 1/CM 

0.HG32E+04 

MU’ 

PEAK WAVENUMBER I/CM 

0.2O32E+EM 

OBG- 

BKGO PHOTON TUIK DENSITY P/CMW2/S 

0.5ZI0E+I1 

OBG 

BKGD PHOTON FLUX DENSITY P/OH-2/S 

0.S4Q0E4I1 

OS - 

SGft. PHOTON FLUX DENSITY P/CM**2/S 

0.50O0E+11 

OS 

SOU PWTON FLUX DENSITY P/OH^/S 

0.5000E+11 

KAPPA ■ DIELECTRIC CCtBTPtfT 

0. 1720E+02 

KAPPA • DIELECTRIC CONSTANT 

0.1720E+02 

RF • 

FEEDBACK RESISTANCE CHI 

0. 1000E+10 

rf • 

FEEDBACK RESISTATCE <H1 

0.1000CH0 

c r • 

FEEDBACK CAPACITACE F 

0.30O0E-IZ 

cr - 

FEEDBACK CAPACITACE F 

0.3OO0E-I2 

VP - 

PREAW NOISE ( IffVT) V/HZw,5 

0.Z800E-00 

VP • 

PREATP NOISE (INVT) V/HZw.S 

0.2000E-0G 

no ■ 

OPEN LOOP GAIN OF PREAW 

0. 10OOE+04 

PO * 

OPEN LOOP GAIN OF PREAW 

0.10O0E404 

TRF- 

FEEDBACK ACS1ST0R TEW K 

0.1600E403 

TRT • 

FEEDBACK RESISTCR TEW K 

e, Isaac +03 

rc • 

CHOPPING FREQUENCY HZ 

0.4400E+03 

rc • 

CHOPPING FREQUENCY HZ 

0.4400E+03 

RO ■ 

DIODE DARK RESISTANCE BIAS-0 CHI 

0.Z170E+O9 

RO • 

DIODE DARK RESISTATCE BIAS-0 0H1 

0.2172E+09 

RA • 

R<0)*A PROOUCT OPt*CM*»2 

0. lfMSE+07 

Rfi * 

R(0)*A PRODUCT WW1"2 

0.10S0E+0Y 

VJ - 

JUNCTICN POTENTIAL V 

0. 1970C+00 

VJ * 

JitCTION POTENTIAL V 

0.I97BE+00 

CJ,- 

JUNCTION CAPACITANCE F 

0.0409E-10 

CJ - 

JUNCTION CAPACITANCE F 

0.B409E-10 

M • 

JUNCTION WIDTH CM 

0.B673E-W 

I4J - 

JUNCTION WIDTH CM 

0.B673E-04 

VC • 

CONTACT POTENTIAL V 

0, 197BE+00 

VC - 

CONTACT POTENTIAL V 

0.197SE+00 

ZD * 

DETECTOR IWEDANCE OH1 

0.390eE-KJ7 

2D • 

DETECTOR IWEDANCE 0M1 

0.3900E+07 

ZF • 

FEEDBACK RESISTOR IWEDANCE 0«i 

0.5W66C+09 

zr * 

FEEDBACK RESISTOR IWEDANCE 0H1 

0. 5466E+09 

PD ■ 

DCT. PHASE ANGLE 

0.10S2E-14 

PD - 

DCT. PHASE AfGLE RAD 

0.10A0E-I4 

PT - 

rua< resistor phase angle rad 

0,eZ94F>ie 

PF - 

FDBK RESISTOR PHASE ANGLE RAD 

0.6294E-1B 

nz ■ 

TRANS1WEDAWE CPtl 

0.S355E+09 

82 • 

TRANS IWEDANCE 0H1 

0.6355E+09 

IS • 

SIGNAL PHOTOORRENT A 

0.3097E-10 

IS - 

SIGNAL FHOTOOERENT A 

0.3O97E-10 

IT • 

TOTAL BKGD PHOTOCLRAENT A 

0.3227E-10 

IT • 

TOTAL BKGD PHOTOCURRENT A 

0.339SE-10 

sw* 

FDBK RESISTOR NOISE V/KZ«.S 

0,lB8Se-05 

wr- 

FDBK RESISTOR NOISE V/HZw.S 

0.2004E-05 

VBG- 

BACKGROUND MOISE V/HZwJS 

0.2044E-0S 

VBG- 

BACKGROUND WISE V/HZw» 

0.2096E-05 

VJN- 

JOPNSCN MOISE V/HZW.S 

0. 1963E-03 

VJN- 

JCH60N NOISE V/HZw.S 

0.1962E-0S 

VGR- 

GEN-RE CCT*B NOISE V/HZW.S 

0.1963E-0S 

VGR- 

GEN-RECONB NOISE V/HZw.S 

0. 1962E-0S 

VPA- 

PREFtf 1 NOISE V/HZW.S 

0, 3433E-06 

vw- 

PREAW WISE V/HZw.5 

0.3433E-06 

vr > 

TOTAL WISE V/HZW.5 

0.3946E-0S 

VT « 

TOTAL WISE V/HZW.S 

0.4026E-0S 

R • 

RESPONSIVITY V/W 

0.2010C+10 

R ■ 

RESPONSIVITY V/W 

0.201SE+I0 

PEP- 

NOISE EQUIVALENT POLER W/HZw.S 

0.1955E-14 

h£P- 

WISE EQUIVALENT POWER U/HZw.S 

0.1996E-14 

DSTflR - CMWTZw.S/W 

0.3SS6E+14 

DSTAR - OWZm.541 

0.3483E+14 


PV INSB KTtCTOfi PCRfORJ^CE CHflftCL 28 

00/16Q/STD 

PV IMSB DCTECTOR PERFCRWTGE CHWtCL 26 

B0/1G0/STD 

CH - 

CnqrfCL NJiBER 

0,28 O0E+02 

CH 

O+fHCL NUMBER 

0,20006402 

HD • 

CCTECTOR fCIGMT CM 

0.5300E-01 

HD 

DCTECTOR HEIGHT CM 

0.53006-01 

WD - 

DCTECTOR WIDTH CM 

0.9120C-01 

WD 

DCTECTOR WIDTH CM 

0. 91206 KU 

T • 

DCT, TDf. K 

0.800OE+02 

T 

DCT. TEW. K 

0.80006402 

CS - 

DCT, STRRY CAPftCITf**£ F 

0, 6000E-1 1 

CS 

DCT. STORY CWPRCITRHCE F 

0.60006-11 

RS • 

DCT, SHJHT RESISTANCE OKI 

0.10SOE+07 

RS 

DCT. SHUNT RESISTANCE CHI 

0.10506407 

VB - 

BIAS VOLTAGE V 

0.00O0E+00 

VB 

BIAS VOLTAGE V 

0,00006400 

EG - 

BAUD GAP DCRGV EV 

0.2267E+00 

EG 

BAND GAP EJCRGY EV 

0.22676400 

HI • 

IHTRIH5IC CONC, OK* -3 

0. 5281E+10 

NI 

INTRINSIC COTG. CHw-3 

Q.SZBiZ'sM 

m • 

ACCEPTOR CONC. CM** -3 

0. 1000E+1B 

NA 

ACCEPTOR CONC. CMw-3 

0. 100064-18 

HD - 

DONOR CARRIER CONC, CM** -3 

0.5000E415 

ND 

DONOR CARRIER CONC. CMw-3 

0,500064-15 

ru - 

DXCTROH MOBILITY CM**2/V/S 

0.80G0E+0S 

MU 

ELECTRON WBILITY CMW2/V/S 

0.80006405 

rtUH- 

HOLE MOBILITY Crt**2A'/S 

0.5000E+04 

MUH 

HOLE WBILITY OlwZ/V/S 

0.50006404 

ETfl- 

CUAtmJM EFFICIENCY 

0.8000E+00 

ETA 

OUPNTUM DTICIOGY 

0.00006400 

TfiU- 

CARRIER LIFCTirC S 

0.50O0E-06 

TAU 

CARRIER LIFETirC S 

0.50006-06 

fU 5 * 

PEAK WAVENJMBER 1/CM 

0.2032E+04 

MjP 

PEAK WAVENUMBER 1/CM 

0.20326404 

OBG- 

BKGD PHOTON FUXK DCNSITY P/CM**2/S 

0.5230E+1 1 

OBG 

BKGD PHOTON PUIX DENSITY P/CM+«/S 

0,548064-11 

OS - 

SGNL PHOTON FLUX DENSITY P/CM**2/S 

0.5000E+11 

OS 

SGH. PWTON FELIX DENSITY P/CMW3/S 

0,500064-11 

KAPPA • DIEUCTRIC CONSTANT 

0. 1720E+02 

KflPPR • DIELECTRIC CONSTRNT 

0,17206402 

RF - 

FEEDBACK RESISTANCE OKI 

0, 1000E^10 

RF - 

FEEDBACK RESISTANCE OHI 

0.10006410 

cr • 

FEEDBACK CAPACITACE F 

0.3000E-12 

CF - 

FEEDBACK CAPACITACE F 

0.30806-12 

VP - 

FREAK 3 NOISE (INPUT) V/H2**.5 

0.2800E-00 

VP • 

PREAW WISE ( IWLfT) V/HZW.S 

0.28006-08 

PO - 

OPEN LOOP GAIN OF PREAMP 

0.1000E+04 

AO - 

OPEN LOOP CAIN OF PREAW 

0.10006404 

TRT- 

FEEDBACK RESISTOR TEFP K 

0. 1600E+03 

TRF- 

FEEDBACK RESISTOR TEW K 

0.18006403 

rc • 

CHOPPING FREQUENCY HZ 

0, 4400E+03 

FC - 

OGPPIte FREQUENCY HZ 

0,44006403 

RO • 

DIODC DARK RESISTANCE BIAS-0 OKI 

0.2172E-H» 

RO - 

DIODE DAT* RESISTANCE BIAS-0 0H1 

0.21726409 

Rfi - 

R(0)*A PRODUCT 0K*<m*2 

0. 1050E+07 

RA • 

R(0)*A PRODUCT OPtt*Ot»*Z 

0,^0506407 

VJ • 

JUNCTION POTENTIAL V 

0, 1945E400 

VJ - 

JUNCTION POTEJTTIAL V 

0. 19456400 

a - 

JUNCTION CAPACITANCE F 

0.B560E-10 

a - 

JitCTION CAPACITANCE F 

0. 85606-10 

WJ - 

JINCTION WIDTH CM 

0.8601E-04 

WJ - 

JUNCTION WIDTH CM 

0.0601E-O4 

vc * 

CONTACT POTENTIAL V 

0. 1945E-MS0 

VC • 

CONTACT POTENTIAL V 

0. 19456400 

2D - 

DETECTOR IMPEDANCE OKI 

0.3078E+07 

2D - 

DCTECTOR IWEDANCE CHI 

0.38786407 

ZF - 

FEEDBACK RESISTOR IMPEDANCE OKI 

0.S466E+09 

ZF « 

FEEDBACK RESISTOR IWEDANCE 0H1 

0.54666409 

PD • 

DET. PHASE ANGLE RAD 

0.1009E-14 

PD • 

DCT. PHASE ANGLE RAD 

0. 10896-14 

PF • 

FDBK RESISTOR PHASE ANGLE RAD 

0,8284e~ie 

PF • 

FDBK RESISTOR PHASE ANGLE RAD 

0. 82946-10 

fiZ - 

TRAMS IMPEDANCE OKI 

0.6363E+09 

AZ - 

TRANSiweuANCE ern 

0,63636409 

IS - 

SIGNAL PHOTOCURRENT A 

0, 3097E-10 

IS - 

SIGNAL PWTOOJRRENl A 

0.30976-10 

IT • 

TOTAL BKGD PHOTOCURRENT A 

0.3240E-10 

IT - 

TOTAL BKGD PHOTOCURRENT A 

0,33956-10 

VRF- 

FDBK RESISTOR NOISE V/HZ**.5 

0. 1091E-05 

VRF- 

FDBK RESISTOR WISE V/HZw.5 

0,20066-05 

VBG- 

BACKGROUK) NOISE V/HZ**>5 

0.20S0E-05 

VBG- 

BACKGROUND WISE V/HZWJS 

0.20996-05 

VJH- 

JOKGON NOISE V/HZ**,5 

0.2029EH35 

VJN- 

JOHISON WISE V/HZw.5 

0,20296-05 

VGR- 

GEN-RECOMB NOISE V/KZ**.$ 

0.2029E-0S 

VGR- 

GEN-REOOMB WISE V/HZW.S 

0,20296-05 

VPfi- 

PREAK 3 NOISE V/KZ**,S 

0.3456E-O6 

VPA- 

PREAW WISE V/HZW.S 

0,34566-06 

VT - 

TOTAL NOISE V/HZ**.5 

0.4017E-05 

VT - 

TOTAL WISE V/HZw.S 

0.40976-05 

R • 

RESPONSIVITY V/W 

0. 2021E+10 

R - 

RESPONSIVITY V/W 

0,20216410 

HEP- 

NOISE EQUIVALENT POtCR W^iZ**,5 

0.iseee-i4 

HEP- 

WISE EQUIVALENT POLER U/HZ«.S 

0.20276-14 

DSTflR • CH*HZ**.5/H 

0, 3497E+14 

DSTAR - CH*HZ**,5/W 

0.34296+14 
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